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ABSTRACT

Meaningful discussion helps learners to construct their own knowledge
by providing several cognitive benefits such as articulation, cognitive conflicts,
and co-construction (Crook, 1994; Jonassen, Peck, & Wilson, 1999; Koschmann et
al., 1996; Tao & Gunstone, 1999b). Although on-line discussion has been used
with these expectations for learning benefits, the actual effects are unclear.
Meaningful discussion can be initiated when learners raise thoughtful questions
or provide critical feedback; however, generating effective questions requires a
certain level of domain knowledge and metacognitive skills of the questionaskers (Dillon, 1986; Miyake & Norman, 1979; Palincsar & Brown, 1984; van der
Meij, 1990; Wong, 1985). Unfortunately, novice learners who begin to explore a
new area are often limited in those metacognitive skills (Land, 2000; Garner &
Alexander, 1989), so they may experience difficulties in generating meaningful
interactions. In cases where simple question-answer cycles are employed in a
discussion, learners may not benefit from the interactions in a way that enhances
effective knowledge construction.
This study proposes a peer-challenge support framework intended to
facilitate effective peer interactions in on-line discussion and thus enhance
learning. This framework assumes that novice students who lack domain
knowledge and metacognitive skills can be supported in generating meaningful
interactions at an early stage of learning (King & Rosenshine, 1993; Palincsar &
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Brown, 1984). In turn, the resulting questions and feedback can enhance peers'
metacognition, such as reflecting and monitoring, which can allows them to
refine and restructure their understanding (Piaget, 1985; Webb & Palincsar,
1996).
Thus the purpose of this study was to test this peer-challenge support
framework by investigating the effects of providing externalized, on-line support
for generating effective peer-challenges during on-line small group discussion,
thereby enhancing learning in college students. On-line peer-challenge support
included descriptions of what to do and generic and domain-specific examples of
questions.
A field experimental time-series control-group design was employed as a
mixed model for the research design. Thirty-nine students from an on-line
introductory class on turfgrass management offered by a large northeastern landgrant university participated in the study. The participants were randomly
assigned to a small group of four to six members. Then those small groups were
randomly assigned to either an experimental or a control group. Quantitative
and qualitative data were collected from five successive sessions of on-line small
group discussion, ten sessions of open-ended essay exams, three sessions of
multiple-choice exams, an on-line survey, and a telephone interview (of four
volunteers) throughout a sixteen-week semester.
The quantitative results revealed that on-line peer-challenge guidance
helped learners to generate significantly more challenges. However, the guidance
did not improve the quality of challenges, further interactions, and learning
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outcomes. The increased quantity of challenges alone might not be sufficient to
improve meaningful interactions. Based on the survey data, possible reasons for
the failure of showing the guidance effects on learning might be the following:
students’ limited use of the guidance, their relatively high level of prior
experience, and a small sample size.
The qualitative results based on the interview data were consistent with
the peer-challenge support framework. The results verified that students tended
to experience difficulties in generating challenges for their peers when they
perceived a lack of knowledge. Importantly, they perceived that the use of online guidance helped them to improve their questions in both quantity and
quality when they had difficulties in generating challenges. Furthermore, the
students who received meaningful challenges from their peers tended to
experience cognitive dissonance which triggered them to reflect upon their
understanding, to articulate their lack of knowledge, and to seek necessary
information until they built up enough knowledge to be able to generate
satisfying answers.
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Chapter 1
INTRODUCTION

Background

Constructivist views on learning emphasize the process of meaning
making through interactions with physical and social worlds. Meaning
construction entails processes of constructing, re-constructing, and coconstructing knowledge (Bruner, 1990; Jonassen, Peck, & Wilson, 1999; Phillips,
1997; Piaget, 1962). The notion of learner-constructed meaning has emerged in
various learning theories that have been developed in the field of educational
technology in the last decade (Jonassen & Land, 2000). The diffusion of this
belief among educators has resulted in a paradigm shift in the field of
educational technology from a traditional knowledge transmission view to a
constructivist perspective (Jonassen & Land, 2000; Koschmann, 1996).
One result of this shift has been to establish the importance of peers as
learning resources in both research and educational practices. For example, peer
interactions are highly encouraged in recent pedagogical approaches such as
anchored instruction (Cognition and Technology Group at Vanderbilt, 1992),
goal-based scenarios (Schank, Berman, & Macpherson, 1999), problem-based
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learning (Koschmann, Kelson, Feltovich, & Barrows, 1996), and constructivist
learning environments (Jonassen, 1999). At a classroom level, peer learning is
highly recommended by professional associations such as the National
Association for the Education of Young Children and the National Council of
Teachers of Mathematics (De Lisi & Golbeck, 1999). Accordingly, peer
interaction and related topics such as peer-questioning, peer-tutoring, and
collaborative learning have gained considerable attention in the field of
education. The role of technology in supporting peer collaboration and
communication has emerged as a compelling research arena.
Peer interaction has been highlighted as a strategy to support meaning
construction for several reasons. First, peer interactions are presumed to expand
learners' awareness of what they need to learn. According to Piaget (1985),
knowledge re-construction is triggered by cognitive dissonance, a recognized
gap between a learner's belief and his or her experiences that conflict with this
belief. Although a cognitive conflict is a sine qua non for a learner to give up
current understanding in order to consider alternative perspectives (De Lisi &
Golbeck, 1999; Forman & Cazden, 1985; Piaget, 1985; Webb & Palincsar, 1996),
novice learners can have difficulties perceiving knowledge gaps because of their
lack of metacognition and a resiliency of existing naive beliefs (Land, 2000).
Although metacognitive activities are not easily activated in novice learners,
these activities can be guided and facilitated by peer interaction (Palincsar &
Brown, 1984; Palincsar, Brown, & Martin, 1987; Piaget, 1985; Scardamalia,
Bereiter, McLean, Swallow, & Woodruff, 1989). In fact, cognitive conflict, which
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is not always detected by novice learners working alone, can be facilitated during
interactions among peers (Brown, 1989; Webb & Palincsar, 1996). For example,
when learners receive different perspectives or questions from peers about their
explanations, they may try to justify their positions. In this process, the multiple
perspectives help learners to recognize differences among their understandings,
and to identify weaknesses in their explanation. Once learners articulate gaps in
knowledge, they may actively seek new information to fill these gaps.
Second, peer interaction is highlighted because peer interaction itself
becomes the base for knowledge construction. According to social
constructivists, knowledge construction is seen as a natural social phenomenon
(Berger & Luckmann, 1967; Greeno, 1997; Greeno, et al., 1998; Lave, 1988;
Resnick, 1991), so meaning making should also occur through a process of
negotiation among learners and through social interactions such as conversation
(Duffy & Conningham, 1996). Learning environments facilitating peer
interaction potentially support learners in sharing different perspectives on a
problem, in justifying their perspectives, and in arriving at a common
perspective through negotiation (Harasim, 1990; Scardamalia & Bereiter, 1996b).
Peer interactions can be any interaction between or among peers, but
verbal interactions are a particularly effective form of peer interaction for
knowledge construction (Palincsar, 1986; Palincsar & Brown, 1989; Webb, 1989).
Forman and Kraker (1985) pointed out that cognitive conflict may not result in
successful knowledge construction without continuous verbal interaction.
Therefore, verbal interactions among peers are essential for aiding learners in
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detecting cognitive gaps, in negotiating meanings, and in modifying their
perspectives.
In the classroom, one of the most widely used forms of verbal interaction
is discussion (Palincsar, 1998). Discussion can be defined as a form of verbal
interaction "where members join together in addressing a question of common
concern, exchanging and examining different views to form their answer,
enhancing their knowledge or understanding, their appreciation or judgment,
their decision, resolution or action over the matter at issue" (Dillon, 1994, p. 8).
From this perspective, discussion, as a verbal form of peer interaction, contains
important attributes for knowledge construction. Learners share the same
problem, exchange and justify different perspectives, and create better solutions
to the issues by modifying their perspectives. Consequently, this process
provides learners with cognitive benefits such as articulation, where learners
articulate their understanding, perspectives, or opinions; cognitive conflicts, where
learners reflect on new knowledge to justify or defend conflicting positions; and
co-construction, where learners share and refine meaning with peers in a social
context (Crook, 1994; Jonassen et al., 1999; Koschmann et al., 1996; Tao &
Gunstone, 1999).
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Problem Statement

On-line discussion has become one of the most popular strategies used in
on-line distance education as well as on-site education at the college level. For
example, most on-line education support systems (e.g., WebCT) include various
forms of computer-supported communication functions, such as listserv and
bulletin board systems (Abowd, da Graca Pimentel, Ishiguro, Kerimbaev, &
Guzdial, 1999; Hsi & Hoadley, 1997). In fact, many on-line instructors use these
functions to encourage learners to be involved in discussions about target topics
(Berge, 1997; 2000). Even on-site instructors have started using on-line
discussion as a complementary strategy to overcome the limitations of trying to
conduct discussions in a large class (Chong, 1998).
While on-line discussion, as written verbal interaction among peers, has
been used largely with great expectations for learning benefits, the actual
benefits are unclear. In on-line classrooms at the college level, there may be
simple question-answer cycles indicating that students are not involved in
critical thinking processes (c.f., Abowd et al., 1999; Hsi & Hoadley, 1997). Such
non-thoughtful verbal interactions are not sufficient to promote active
knowledge construction.
One possible reason for the apparent lack of reflection during on-line
discussions is that students do not know what to ask or how to ask effective
questions (Miyake & Norman, 1979; van der Meij, 1990). Peer interactions can be
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initiated when learners raise thoughtful questions or provide critical feedback;
however, in order to propose important questions or offer thoughtful feedback,
question-askers need to have a certain level of domain knowledge and to activate
metacognitive skills such as reflection, monitoring, and evaluation (Dillon, 1986;
Miyake & Norman, 1979; Palincsar & Brown, 1984; van der Meij, 1990; Wong,
1985). Unfortunately, novice learners who begin to explore a new domain are
often limited in those metacognitive skills, so they can neither ask the right
questions nor generate productive feedback. It is a "metacognitive knowledge
dilemma" (Land, 2000) whereby effective monitoring and reflection is linked to
having some prior domain knowledge (Garner & Alexander, 1989)
This dilemma demonstrates an essential need for developing on-line
instructional strategies that can guide meaningful on-line discussion between or
among peers (e.g., Abowd et al., 1999; Scardamalia & Bereiter, 1996a).
Specifically, learners' generation of questions or feedback needs to be supported
in order to lead to meaningful discussions (e.g., Brown, 1989; King, 1994b; King
& Rosenshine, 1993; Palincsar & Brown, 1984; Scardamalia & Bereiter, 1991; van
der Meij, 1998).
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Background to the Research: Strategies for Guiding Peer Interactions

A number of projects have incorporated instructional supports for
learners to assist them with generating questions and feedback. These projects
have shown that external supports can promote meaningful learning in
computer-supported collaborative learning environments [see for example,
CSILE (Scardamalia & Bereiter, 1991, 1996a; Scardamalia, Bereiter, & Lamon,
1994), KIE (Bell, 1997), and CoVis (Edelson & O'Neill, 1994)]. These environments
include prompting-strategies to provide procedural guidance for developing
scientific arguments (e.g., Bell & Linn, 1997) or specific interfaces that model and
facilitate appropriate thinking skills for generating questions, responses, and
feedback (Edelson & O'Neill, 1994; Scardamalia et al., 1989). For example, with
CSILE (Scardamalia & Bereiter, 1996a) learners select an appropriate response
type among given options such as Problem, My Theory, I Need To Understand,
and New Information. Learners in turn receive suggestions for generating
appropriate responses through self-questioning cues (Scardamalia, Bereiter, &
Steinbach, 1984; Scardamalia & Bereiter, 1991).
Though successful in many respects, these computer-supportive
collaborative learning projects have several shortcomings. First, only a few
researchers (e.g., Scardamalia et al., 1994) have provided empirical evidence of
the learning effects regarding the use of these on-line environments. Many
previous studies (e.g., Abowd et al., 1999; Bell, 1997; Edelson & O'Neill, 1994)
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reported learners’ perceptions while working with these environments without
data on improvement in learning. Second, in these prior studies it is difficult to
account for the learning effects of specific on-line guidance of discussion as
provided in these learning environments. The on-line learning results obtained
in these studies were compared with traditional classroom settings (e.g.,
Scardamalia et al., 1994) in order to justify the superiority of alternative
environments against traditional classroom environment. Therefore, these results
should be regarded as learning effects of combinations of on-line resources, such
as visualization tools, discussion tools, authoring tools, and so on. However, in
order to test and develop better strategies for on-line learning, those strategies
should be tested under more controlled conditions.
Lastly, while these on-line learning environments are relatively
widespread in elementary and middle school classrooms, they are not commonly
used in college classrooms (Scardamalia & Bereiter, 1996a). Instead, the simplest
form of threaded discussion tools, such as bulletin board systems, is commonly
used in on-line education at a college level (WebCT, 2001). Therefore, it would
be difficult to expect that similar learning effects, which were identified from a
combination of instructional support tools in on-line learning environments, will
occur while using only one isolated discussion tool (e.g., Carr, 2000; Tan, 2000).
Although it is difficult to find studies of on-line strategies to help learners
to generate questions and feedback, related research has been conducted in faceto-face situations in order to guide students in generating appropriate questions
for their peers. A series of studies on guided peer-questioning in dyad

9
conversations (King, 1989, 1990, 1991, 1992a, 1992b, 1994a, 1994b, 1995, 1997,
1998; King & Rosenshine, 1993; King, Staffieri, & Adelgais, 1998) support the idea
that learners who have been guided in asking valuable questions of a peer and
receiving questions from a peer perform better on memory and comprehension
tasks. Previous research on guided peer-questioning, however, has two
limitations. First, most studies on guided-peer questioning did not focus on
higher levels of learning outcomes such as problem solving (Gagné & Medsker,
1996), but instead focused only on memory and comprehension. For example,
most question prompts in King's research asked students to paraphrase or
explain what they have learned in a lesson. This can be useful for learning with
well-structured tasks, but may not be sufficient for problem-solving tasks.
Second, the results from previous peer-questioning studies are inconsistent. For
example, one study, conducted to reconfirm King's claim that guided peerquestioning used with fourth grade (e.g., King & Rosenshine, 1993) through
college-age students (e.g., King, 1989, 1990) results in positive effects on learning,
found that guided peer-questioning in college students produced no effects on
learning (Foote, 1998).
Another series of studies on reciprocal teaching also supports the notion
that scaffolding questioning, clarifying, summarizing, and predicting through
staged discussions improves learners' cognitive skills, such as monitoring their
understanding, fostering comprehension of the text, and shaping successful
questioning skills that lead to meaningful peer discussions (Brown, 1989; Brown
& Campione, 1994; Palincsar, 1986; Palincsar & Brown, 1984, 1988, 1989; Palincsar
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et al., 1987). Although this approach includes more complex discussion situations
than King's dyad conversations and facilitates metacognitive skills, such as
monitoring self-knowledge, it still focused on learning outcomes in reading and
listening at the comprehension level. In addition, this strategy had been applied
mostly to remedial students who have difficulties in learning at elementary and
middle school level. Therefore, the learning effects described in this research
may be of limited generalizability to college level on-line students.
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Purpose of the Study

This study develops a framework intended to overcome the metacognitive
dilemma associated with novices who have limited domain knowledge and to
facilitate effective peer interactions during on-line discussions. As shown in
Figure 1-1, meaningful verbal interactions, such as thoughtful questions or
feedback, require the questioner to have a certain level of domain knowledge
and to activate metacognitive skills (Miyake & Norman, 1979; Wong, 1985).
Novice students who lack domain knowledge and cognitive skills can be
supported in generating meaningful interactions at an early stage of learning
(King & Rosenshine, 1993; Palincsar & Brown, 1984). The resulting questions and
feedback, in turn, can enhance peers' metacognition, such as reflecting on and
monitoring their understanding, which allows them to refine and restructure
their domain knowledge (Piaget, 1985; Webb & Palincsar, 1996). Finally, it would
be expected that learners will automatically engage in meaningful discussion
through meaningful interactions without any support when they reach a certain
level of domain knowledge and internalize certain metacognitive skills (Brown,
1989).
This framework for peer-challenge support has three assumptions (See
Figure 1-2). First, on-line support for students in generating meaningful
challenges can increase the quality of students' questions and feedback by
providing externalized support for metacognition (Palincsar & Brown, 1984).
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Figure 1-1. The relationship between a peer-challenge strategy and metacognitive
dilemma.

Second, in order to receive learning benefits from on-line discussion, such
as articulation, cognitive conflicts, and co-construction of knowledge (Crook,
1994), this peer-challenging strategy should guide specific types of challenges
which will facilitate these learning activities (Forman & Cazden, 1985). Thus,
effective types of challenges should be questions that seek missing information
from the learners' explanations, counter arguments that contradict learner's
opinions, and more systemic questions such as hypothetical questions which will
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force learners to consider complex contexts for and various perspectives of each
problem.
Third, once the quality of peer-generated challenges is increased,
meaningful cycles of verbal interactions should be initiated. When learners
receive critical, valuable, reasonable, and sophisticated questions or challenges
from their peers, those challenges and interactions should magnify learner's
cognitive dissonance and trigger a conscious cognitive process to re-construct
and enhance existing understanding.
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Knowledge
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Figure 1-2. A peer-challenge support model.
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Thus the purpose of this study is to test this peer-challenge support
framework by investigating the effects of providing externalized, on-line support
for generating effective peer-challenges during on-line small group discussion,
thereby enhancing learning in college students.
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Research Questions

The study will investigate the following six research questions.
Question 1: Does the use of on-line guidance for generating effective peerchallenges affect students' on-line challenging behaviors--such as the types of
challenges generated, the clarity of these challenges, and the clarity of the
rationale for the challenges--during small group on-line discussion?
Question 2: Does the use of on-line guidance for generating effective peerchallenges during small group on-line discussion affect students' performance in
memory and comprehension tests?
Question 3: Does the use of on-line guidance for generating effective peerchallenges affect changes in students' knowledge during small group on-line
discussion?
Question 4: Does the use of on-line guidance for generating effective peerchallenges affect students' on-line discussion activities--such as the frequency of
interactions, threaded responses, and off-task interactions--during small group
on-line discussion?
Question 5: Are there any positive relationships between challenging and
discussion activities and learning outcomes?
Question 6: What are student perceptions of using on-line guidance?
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Definitions, Rationales, and Predicted Results

Question 1: Does the use of on-line guidance for generating effective peerchallenges affect students' on-line challenging behaviors--such as the types of
challenges generated, the clarity of these challenges, and the clarity of the
rationale for the challenges--during small group on-line discussion?

Definition and Rationale
Peer challenges mean peer-generated verbal reactions to others' posted
responses that may cause a cognitive discrepancy or an evaluation of the initial
posted ideas. Peer-challenge support means providing external support for learners
to generate effective challenges to their peers. In this study, guidance for
generating three types of peer-challenges—clarification or elaboration questions,
counter-arguments, and context-/perspective-oriented questions--was
developed and will be provided to learners on-line using a pop-up window.
Instead of simply asking questions, if peers include clear reasons why
they ask a question, they may be able to help respondents to detect limitations in
their current explanations (Osman & Hannafin, 1992, 1994; Webb, 1989). Also,
when peer-generated questions or disagreement points are described clearly, this
may help learners to reflect and refine their responses. Therefore, in order to
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support respondents in articulating their cognitive dissonance, an effective peergenerated challenge should include two parts, asking questions or expressing
disagreements and explaining a rationale for the questions or disagreements.
Clarity of challenges refers to how clearly peer-generated questions or
disagreement points are described. Clarity of rationale refers to how clearly the
rationale for the challenge is justified. A meaningful rationale can be generated
only through a questioner’s conscious review of the peer’s previous response(s)
and careful consideration of a given context.
The primary purpose of this study is to investigate whether using on-line
guidance for generating effective challenges in small group discussion will assist
students in generating effective challenges and will help them to improve the
quality of their challenges in terms of clarity and rationale. A body of literature
on guiding or scaffolding questioning, such as peer-questioning (King, 1990,
1994b), reciprocal teaching (Brown, 1989; Palincsar & Brown, 1984), and selfquestioning (Wong, 1985), supports the idea that learners' questioning ability can
be improved through various instructional strategies. In fact, providing
examples of generic questions (King, 1990, 1994b), scaffolding questioning
processes (Brown, 1989; Palincsar & Brown, 1984), and giving direct instruction
on how to generate questions (Andre & Anderson, 1978-1979; Smith, 1978)
helped learners to generate more and better questions. Therefore, using on-line
guidance for generating challenges is expected to increase the quality and
quantity of challenges.
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Predicted Results
Hypothesis 1.1.1: The frequency of clarification or elaboration questions
generated by students receiving on-line peer-challenge guidance during small
group on-line discussion will be greater than the frequency of clarification or
elaboration questions generated by the students who do not receive the on-line
guidance.
Hypothesis 1.1.2: The frequency of counter-arguments generated by
students receiving on-line peer-challenge guidance during small group on-line
discussion will be greater than the frequency of counter-arguments generated by
the students who do not receive the on-line guidance.
Hypothesis 1.1.3: The frequency of context-/perspective-oriented
questions generated by students receiving on-line peer-challenge guidance
during small group on-line discussion will be greater than the frequency of
context-/perspective-oriented questions generated by the students who do not
receive the on-line guidance.
Hypothesis 1.2: The clarity of challenge scores for students receiving online guidance for generating peer-challenges during small group on-line
discussion will be greater than the scores for students who do not receive the online guidance.
Hypothesis 1.3: The clarity scores of the rationales for the challenges
generated by students receiving on-line guidance for generating effective peerchallenges during small group on-line discussion will be greater than the scores
for students who do not receive the on-line guidance.
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Research Question 2: Does the use of on-line guidance for generating effective
peer-challenges during small group on-line discussion affect students'
performance in memory and comprehension tests?

Definition and Rationale
One type of evidence of learning is a new association between facts or
concepts (Gagné, 1985). Learners remember new associations better and longer
when meanings are integrated in the association process. Classical memory
research suggested that paired associations between nonsense syllables or words
are remembered less well than the associations between meaningful words
(Ebbinghaus, 1964). Later research on long-term memory suggests that sentences
or events are stored semantically in long-term memory; thus people remember
the meaning of sentences or the gist of events rather than the specific wordings
(Grossman & Eagle, 1970; Proctor & Van Zandt, 1994). Therefore, if learners are
engaged in a conscious meaning-making process, they should remember more
associations between facts, concepts, or meanings correctly over a longer time
period.
One efficient and reliable way to measure new associations as evidence of
learning is using multiple-choice items designed to measure memory and
comprehension. First, in multiple-choice tests, students are not asked to restate
specific wordings directly. Rather, they are asked to choose the most related
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terms or statements through remembering the meanings of words. In this way, a
memory and comprehension test with multiple-choice format does not
emphasize only verbal restatements, which could be emphasized more in a
short-answer format. Instead, the multiple-choice items will aim to measure new
associations of meanings. Second, unlike open-ended essay questions, multiplechoice items require that students take less time to choose the answers. In other
words, students can be asked various aspects of domain knowledge broadly in a
short period of time (Nitko, 1999).
In this study, discussion activities such as generating effective challenges
and responding to these challenges will facilitate learners' memory and
understanding for the given topics because these discussion activities enhance
articulation and meaning construction of the content studied. Previous research
on guiding peer interactions, such as peer-questioning (King, 1994b; King &
Rosenshine, 1993) and reciprocal teaching (Brown, 1989; Palincsar & Brown,
1984), provides evidence for learners' improvement in recall and comprehension
through thoughtful verbal interactions. Therefore, the more effective challenges
and thoughtful responses the learners generate, the stronger the associations
between facts or concepts they will make.

Predicted Results
Hypothesis 2.1: Students receiving on-line guidance for generating
effective peer-challenges during small group on-line discussion will show higher
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scores on a multiple-choice post-test for memory and comprehension than
students who do not receive the guidance.
Hypothesis 2.2: Students receiving on-line guidance for generating
effective peer-challenges during small group on-line discussion will show higher
scores on a multiple-choice delayed test for memory and comprehension than
students who do not receive the guidance.
Hypothesis 2.3: Students receiving on-line guidance for generating
effective peer-challenges during small group on-line discussion will show higher
scores on a multiple-choice transfer test for memory and comprehension than
students who do not receive the guidance.

Question 3: Does the use of on-line guidance for generating effective peerchallenges affect changes in students' knowledge during small group on-line
discussion?

Definition and Rationale
This study also tries to find evidence that using on-line guidance for
generating peer-challenges stimulates learners to use higher order thinking and
metacognitive skills necessary to refine and evaluate initial explanations. In this
study, changes in students' knowledge are defined as the amount of revision made
on learners' initial answers to open-ended essay questions after discussion. The
essay questions used in this study require higher order processes such as
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analyzing, evaluating, synthesizing (Bloom, Englehart, Furst, Hill, & Krathwohl,
1956), and problem solving (Gagné & Medsker, 1996). In addition, the revision
process requires metacognitive skills such as monitoring, evaluating, and
reflecting (Palincsar & Brown, 1984; Scardamalia et al., 1984). Therefore, evidence
of the effectiveness of providing on-line guidance for peer challenging can be
represented by the gains between learners' initial and final scores on answers to
the same problem-solving essay questions.
Many studies have confirmed that peer interactions have positive effects
on problem solving, such as in spatial reasoning tasks in math (Phelps & Domon,
1989), hypothesis generation and justification in science (Okada & Simon, 1997),
and hypothesis-testing problems (Moshman & Geil, 1998). In addition,
researchers (Scardamalia et al., 1994; Scardamalia et al., 1984) have shown that
peer interaction has positive effects on written composition requiring analyzing,
synthesizing, and evaluating. Recently, Tao and Gunstone (1999) suggest that
scientific conceptual change is positively affected by peer interactions such as
peer conflicts and co-constructions.

Predicted Results
Hypothesis 3.1: Students receiving on-line guidance for generating
effective peer-challenges will show significantly higher gain scores (changes
from initial to final scores) on open-ended essay questions during small group
on-line discussion than students who do not receive the guidance.
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Question 4: Does the use of on-line guidance for generating effective peerchallenges affect students' on-line discussion activities--such as the frequency of
interactions, threaded responses, and off-task interactions--during small group
on-line discussion?

Definition and Rationale
If on-line guidance for generating effective peer-challenges helps learners
to generate more effective challenges, then it will also affect further on-line
discussion activities such as a frequency of peer-interactions (the number of ideas
posted), the number of threaded responses, and the frequency of off-task
discussions. Students who have on-line scaffolding for discussion could have
longer conversations on issues and have more threaded responses with each
issue (Guzdial & Turns, 1999; Hsi & Hoadley, 1997). Also, these students could
have more task-oriented discussions and interactions (Hsi & Hoadley, 1997).

Predicted Results
Hypothesis 4.1: Students receiving on-line guidance for generating
effective peer-challenges will generate significantly more postings during small
group on-line discussion than students who do not receive the guidance.
Hypothesis 4.2: Students receiving on-line guidance for generating
effective peer-challenges will develop significantly more threaded responses
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during small group on-line discussion than students who do not receive the
guidance.
Hypothesis 4.3: Students receiving on-line guidance for generating
effective peer-challenges will generate significantly fewer off-task postings
during small group on-line discussion than students who do not receive the
guidance.

Question 5: Are there any positive relationships between challenging and
discussion activities and learning outcomes?

This study will attempt to find how supporting challenge behaviors
affects learning through increasing discussion activities in small group on-line
discussion. Identifying critical indicators that are highly related to learning will
provide implications for the design of effective peer-learning strategies with online discussion tools.

Predicted Results
Hypothesis 5.1: There will be a significantly positive correlation between
challenge behaviors in on-line discussion--such as the frequency of each type of
challenge generated, the clarity of the challenges, and the clarity of the rationale
for the challenges--and the learning outcomes--such as a post- and a delayed-test
for memory and comprehension and gain scores on open-ended essay questions.
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Hypothesis 5.2: There will be a significantly positive correlation between
receiving challenges in on-line discussion--such as the frequency of each type of
challenges received, the clarity of the challenges, and the clarity of rationale for
the challenges--and the learning outcomes--such as a post- and a delayed-test for
memory and comprehension and gain scores on open-ended essay questions.
Hypothesis 5.3: There will be a significantly positive correlation between
discussion activities--such as the frequency of responding to each type of
challenge, the frequency of postings in each group, the number of threaded
responses in each group, and the frequency of off-task postings--and the learning
outcomes--such as a post-test and a delayed-test for memory and comprehension
and gain scores on open-ended essay questions.

Question 6: What are student perceptions of using the on-line guidance?

This study developed on-line guidance for supporting learners in
generating effective challenges. In order to offer further support to the empirical
data regarding the effects of on-line guidance on learners’ on-line behavior and
learning outcomes, this study also will investigate how this guidance is actually
used and perceived by the users. In what way does this guidance help learners to
generate effective challenges or answers? And are there any difficulties in using
this on-line guidance? Answers to these questions will also provide suggestions
for how to redesign the on-line guidance in order to support effective discussion.

Chapter 2
LITERATURE REVIEW

In this literature review, the cognitive benefits of peer interaction will be
discussed. Then, empirical studies that have incorporated external support for
guiding questioning for effective peer interactions in face-to-face and on-line
settings will be reviewed. Finally, specific strategies used in those studies for
guiding peer questioning will be discussed.

The Cognitive Benefits of Peer Interaction

There are a number of cognitive benefits of peer interaction in learning. In
this review, articulation or elaboration, cognitive conflicts, and co-construction
will be focused on as cognitive benefits of peer interaction (Crook, 1994; Damon,
1984).

The Articulation and Elaboration of Knowledge
From a constructivist perspective, one of the important conditions for
meaningful learning is that learners need to have opportunities to express their
own knowledge (Jonassen, Peck, & Wilson, 1999). Representing the current state
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of understanding stimulates learners to reflect on their experience, to articulate
understanding of the new phenomena, and finally to link it to their existing
knowledge.
From this perspective, learners can benefit from peer interaction,
specifically in discussion where learners explain their beliefs to their peers. A
number of studies have suggested that having learners explain their
understanding enhances meaningful learning (e.g., King, 1990, 1992b, 1994b;
Pressley, McDaniel, Turnure, & Ahmad, 1987; Pressley, Symons, McDaniel,
Snyder, & Turnure, 1988; Pressley et al., 1992; Webb, 1989).
Webb's extensive review of empirical studies on peer interactions and
learning in small groups (Webb, 1989) suggests that there is a positive correlation
between giving an elaborated explanation and learners’ achievement. She
pointed out that in order to explain learners' ideas to peers, they should try to
articulate and reorganize their understanding. During this process, learners often
find gaps that force them to search for new information and then reconstruct
knowledge.
In King's study on guided reciprocal-questioning (King, 1990), she tried to
guide students to generate "high-level questions" to their peers and she
investigated whether the questions elicited elaborated explanations from the
question receivers and whether students providing elaborated explanations to
their peers benefit in their learning. The results revealed that students in the
guided peer-questioning group asked more critical questions, provided more
elaborated explanations to the question-askers, and performed better in
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comprehension tests than students in the control group. The results imply that
receiving critical questions from peers can prompt the question-receivers to
articulate and to elaborate their explanations. Furthermore, these "elaborative
responses", as peer interactions, seem to be an intermediate factor in increasing
learning (King, 1992b).
A number of studies by Pressley and his colleagues (Pressley et al., 1988;
Pressley et al., 1992; Woloshyn, Willoughby, Wood, & Pressley, 1990) also found
that students achieved better scores on memory tests when they asked "why"
questions and generated explanatory answers to the questions. In a series of
experiments by Pressley, et al. (1988), colleges students in the elaborativeinterrogation condition were presented with individual facts along with relevant
"why" questions, so they explained why each fact made sense. In contrast,
students in the control condition were only instructed to read each fact aloud in
order to make sure that they understood the sentence. The results revealed that
the elaborative-interrogation group demonstrated having a better memory of the
facts.
Interestingly, in a later similar study (Woloshyn et al., 1990), where
students were provided with multiple facts within a paragraph instead of within
a single sentence, the researcher found that even when elaborative-interrogation
students failed to answer the "why" questions, they still remembered the material
better than the control group students did. One possible explanation for this
result might be that the students who received "why" questions to elaborate their
understanding may think more intentionally in order to try to link the new
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information to their existing prior knowledge. Although they failed to construct
new meaning to answer the questions, they might at least activated relevant
knowledge, resulting in better memory of the facts (Pressley et al., 1992;
Woloshyn et al., 1990).
In summary, peer interactions such as peer questions in discussion could
facilitate learners to explain their understanding to their peers. In the process of
explaining their beliefs, students more intentionally think about and reflect upon
their experience. In addition, in the process of replying to the peer questions
requesting more explanation of the topic, learners might be prompted to
articulate and elaborate their understanding, which results in better learning.

Cognitive Conflicts and Knowledge Reconstruction
According to Piaget (1985), knowledge construction is triggered by
disequilibrium, a recognized conflict between a learner's existing beliefs and his
or her current experience. That is, the learner revises his or her current
understanding through a process of resolving the cognitive perturbation by
assimilating and accommodating his or her cognitive system. Although different
terms were used to describe this cognitive dissonance, many scholars agree that
in order to activate knowledge re-construction, it is essential for the learner to
experience cognitive conflicts, such as expectation failure (Schank & Cleary,
1995), belief failure (Carlson, 1997), breakdown (Winograd & Flores, 1986),
puzzlement (Duffy & Cunningham, 1996), confusion, and disagreement
(Jonassen et al., 1999).
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Although cognitive conflict is necessary for giving up current knowledge
and trying to find new understanding, there may be potential pitfalls in order for
learners to arrive at constructing new meaning. First, novice learners may fail to
detect cognitive gaps. In order to detect their lack of knowledge, they have to
activate metacognition, such as monitoring and evaluating current knowledge,
but this metacognition is linked to their prior knowledge. Thus, novice learners
who have a low level of domain knowledge may have difficulty finding out what
they need to know (Garner & Alexander, 1989; Land, 2000; Salomon, 1986; Wong,
1985). In fact, Miyake and Donald (1979) in their classic experiment discovered
that a certain level of knowledge is required in order for students to be able to
ask questions about new content. Second, learners may ignore cognitive failure,
or they may not engage in cognitive effort to revise their understanding,
although they acknowledge cognitive conflicts (De Lisi & Golbeck, 1999).
Meaning making only occurs when learners acknowledge cognitive conflict and
actively engage in resolving the conflict.
Peer interactions may help learners to magnify cognitive conflicts and
motivate them to actively engage in resolving the conflicts. Damon (1984)
explained a number of reasons why peers become a compelling source of
cognitive conflicts in social interactions in the following:

First, children [peers] speak to one another on a level that they can easily
understand. Second, they speak directly to one another, without hedging
words. Third, they take the feedback of another child seriously and are
strongly motivated to reconcile contradictions between themselves and

31
other children [peers]. Fourth, informational communications between
children often are less emotionally threatening than corrective advice from
an adult. (p.332)

Thus, peers' verbalized feedback or different perspectives help learners to
make cognitive conflicts overt (Forman & Kraker, 1985). In addition, the social
context provides social responsibility (King, 1992b) that motivates or even forces
them to resolve cognitive conflicts and to revise their understanding in order to
justify their belief to their peers.
Therefore, as Piaget believed (De Lisi & Golbeck, 1999), "peer interactions
provide rich and necessary contexts for students to revise their current cognitive
systems. Reflecting on peer reactions and perspectives serves as a basis for a
student to revise his or her cognitive system. Such revisions would, in turn, lead
students to make new meaning" (p. 5).

The Co-construction of Knowledge in Social Negotiation
Social constructivism highlights learning as a social phenomenon. As
Resnick points out, "Our daily lives are filled with instances in which we
influence each other's constructive processes by providing information, pointing
things out to one another, asking questions, and arguing with and elaborating on
each other's ideas” (Resnick, 1991, p.2). From Vygotsky's perspective (Vygotsky,
1978), learning can be viewed as internalization of people’s interactions with
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their peers. Through these social interactions, higher levels of cognitive skills can
be scaffolded.
In line with this perspective, even intelligence, which was traditionally
believed to be an individual process, can be seen as “sociability” (PerretClermont, Perret, & Bell, 1991). Perret-Clermont et al. (1991) found that in school
settings, children tended to refer to mathematical notation (e.g., a + b + c = x)
used in school to represent mathematical operations in their addition problem
solving, while they tended to use natural language and illustrative drawing in
solving identical problems outside of classroom. In other words, they answered
the same questions differently depending on who was asking the questions in
what context. This indicated that individual intelligence should depend on
socially-constructed and shared meaning within a situational context.
In this perspective, meaning making occurs through a process of social
negotiation among learners. Learning environments that facilitate peer
interactions can support co-construction effectively. Co-construction can be seen
as a process of building consensus while finding solutions, arriving at
convergent conceptual change, and/or constructing socially-shared meaning or
understanding among learners (Chi, 1996; Roschelle, 1992; Roschelle & Behrend,
1995; Tao & Gunstone, 1999)
A number of studies found that students tended to learn more
meaningfully and effectively in environments where social interactions were
facilitated than they did independently. For example, Roschelle (1992)
investigated a process of conceptual change in a context of collaborative
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conversational interaction. In his study, the interactions of two students were
observed and analyzed during their collaborative problem solving on physics
problems related to the concepts of velocity and acceleration. Based on a
microanalysis of the two students' iterative interactions, he discovered that they
tended "to build each others' idea and intentions, draw new ideas into a common
conceptual frame, and repair divergences" (p. 242). His microanalysis of their
interactions supported that the verbal interaction of peers might "provide a
means for students to construct increasingly sophisticated approximations to
scientific concepts collaboratively, through gradual refinement of ambiguous,
figurative, partial meanings" (p. 237).
Moshman and Geil (1998) compared students' performance of reasoning
in collaboration with that of individual reasoning. College students were asked
to build arguments for their solution to a given selection task, a logical
hypothesis-testing problem, individually or collaboratively in small groups of 5
or 6 peers. The results demonstrated that the collaborative reasoning groups
provided qualitatively more sophisticated structures of arguments than did the
individual-reasoning group. In the group setting, co-construction behaviors of
students were observed where students continually challenged each other to
justify their positions, to encourage each other to seek alternatives, and finally to
build a consensus of their arguments together.
Tao and Gunstone (1999) investigated how collaborative learning
facilitates conceptual change. They observed 7 dyads of conversational
interactions working collaboratively on the topic of force and motion while using
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a computer simulation program in a 10th grade science class. They found that
"students built on each other's ideas and incrementally developed shared
understanding" (p. 49). This co-construction activity was one of the factors
helping students to achieve stable conceptual changes.
In summary, all of these studies implied that peer interaction itself
provides environments where students construct shared meaning and build
shared solutions that individual students working alone might not come up
with.

Previous Research on External Support for Peer Questioning

Face-To-Face Interaction Settings
There are at least two lines of research related to external support for peer
questioning in face-to-face discussion settings: guided peer-generated questioning
and reciprocal teaching. A series of studies on guided questioning has been
conducted by King and her colleagues since the late 1980's, while research on
reciprocal teaching has been established by Palincsar and Brown since the mid1980's.
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Guided Peer-Questioning
Across the studies on guided peer-questioning strategies (e.g., King, 1989,
1990, 1991, 1992a, 1992b, 1994a, 1994b, 1995, 1997, 1998; King & Rosenshine, 1993;
King, Staffieri, & Adelgais, 1998), King and her colleagues have focused on
studying how to guide learners to ask thought-provoking questions and
inquiring what the learning effects from this strategy are in fourth graders
through college students. The guiding strategy used in her studies was providing
question stems on a prompt card during small-group or dyad peer discussions.
In general, her studies showed that learners who had been guided to generate
valuable questions to a peer and to receive these questions from a peer
performed better on memory and comprehension tasks.
King's early research examined the relative effectiveness of questioning
strategies on learning by comparing it to other related strategies, such as
summarizing and notetaking-review. For example, she recruited thirty-two
college students and divided them into four treatment groups: cooperative self/peer-questioning, independent self-questioning, cooperative review, and
independent review (King, 1989). Participants in each group were asked to listen
a lecture, to study the lecture content using their assigned strategy in 12 minutes
after the lecture, and to take an immediate comprehension test on the lecture
through four different lecture sessions. All participants were given direct
instruction on question generation and metacognition. Then, only students in the
two questioning groups were given a set of generic question stems and provided
with additional training on applying those skills in their learning context. The
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results showed that students in both peer-questioning and self-questioning
groups performed significantly better in the comprehension than students in
both cooperative and independent review groups.
King (1992a) also conducted another similar study where she compared
the effectiveness of questioning strategies on learning to the effectiveness of
summarizing or notetaking-review strategies. Fifty-six college students who had
difficulty in reading and study skills were assigned to three different treatment
groups: self-questioning, summarizing, and notetaking-review. The results
showed that the summarizing and the self-questioning groups significantly
outperformed the notetaking-review group on an immediate lecture
comprehension test, while only the self-questioning group was significantly
better than the notetaking-review group at a one-week retention test. This result
indicated that although both self-questioning and summarizing can be excellent
strategies for enhancing the memory of lectures because both activities can
facilitate learners in constructing their own meaning of lectures, self-questioning
may be more effective than summarizing in the long-term retention of lecture
contents.
From both studies (King, 1989, 1992a), King’s research indicates that the
questioning strategy was significantly better than the other strategies. In
addition, within both questioning strategies, peer questioning is slightly better
than self-questioning (King, 1989; King, 1991b; King, 1992a).
King also investigated the effects of this guided peer-questioning on
questioning skills and the resultant learning outcomes. Her research showed that
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in a face-to-face discussion session, providing specific guidance for generating
critical-thinking questions helped college students to generate more criticalthinking questions, to provide more explanations, and to perform better in
comprehension tasks. For example, King (1990) gave direct instruction in
generating questions using a set of question stems in conjunction with class
material. After a lecture, students were requested to generate two or three
critical-thinking questions using the given question stems independently, and
then were requested to ask those questions of each other and to provide answers
to the questioners during a 10-minute period. The results showed that the
students in the guided reciprocal peer-questioning group generated more critical
questions, more explanations, and fewer low-level elaboration responses than the
students who did not received the guidance.
Fifth-grade students were guided to generate cognitive and metacognitive
questions for their peers by using a prompt card that listed questions related to
planning, monitoring, and evaluating their problem solving. In the problemsolving tasks, the guided students outperformed the unguided students on a
written test of problem solving and a novel computer task. They also generated
more strategic questions and elaborated explanations during the problemsolving process than the unguided students (King, 1991a).
Fourth and fifth grade students were guided to generate integration
questions, such as asking beyond what was explicitly stated in the lesson,
connecting two ideas together, or asking for an explanation, inference,
justification, and so on. This guided students to generate more integration
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questions, and they exchanged more knowledge integration and fewer
knowledge-restating verbal interactions than the unguided students. Finally, the
guided students outperformed the unguided students in a comprehension test
(King, 1994b). These results implied that high-level questions could lead to
constructive responses, resulting in effective knowledge construction.
A series of King's studies showed that 1) questioning strategy is a more
effective strategy than other construction strategies (note-taking, summarizing,
etc), and 2) guiding questioning strategy using generic question stems helps
students to generate more critical thinking questions, to exchange more
explanations and fewer low-level elaboration responses, and to achieve higher
scores on comprehension tests.

Reciprocal Teaching
Brown and Palincsar have focused on teaching self-regulation of
comprehension activity by using dialogue; that is, verbal interaction in order to
improve their text comprehension ability. They developed an instructional
strategy called reciprocal teaching where students and their teachers or peers took
turns leading a discussion about the shared text. The discussion was structured
by using four comprehension-monitoring strategies found more often in good
readers, such as questioning, summarizing, clarifying, and predicting. A series of
their studies (Brown & Campione, 1994; Brown & Palincsar, 1982; Palincsar &
Brown, 1984; Palincsar, Brown, & Martin, 1987) showed that students in the
reciprocal teaching group gradually internalized the four strategies through
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discussion and were able to lead a discussion successfully with improved quality
of questions, summary, clarification, and prediction on the content read. Finally,
they had better achievement scores on reading comprehension tests than the
students in the control group.
Brown and Palincsar (1982) used their reciprocal teaching strategy with 4
seventh-grade poor readers in a pilot study. The teacher first led a session of
discussion on a given segment of text after reading it silently. Through the
discussion, the teacher demonstrated the four major comprehension-monitoring
activities, such as asking questions of the main ideas of the segment,
summarizing the content, clarifying any misunderstandings, and predicting the
future content. The teacher and the students took turns with this role of leading
the discussion. When the students led the discussion, the teacher provided
guidance for the students in completing the role through a variety of techniques
such as prompting, instruction, and modifying activities. Although the students
had difficulty in leading the discussion in the initial phase, they became more
capable of taking the role of a discussion leader in the later sessions, as is
demonstrated by an increased number of topic-focused qualified questions and
summary statements generated by the students. In addition, their reading
comprehension ability improved from accuracy levels of 15% in a pretest to
accuracy levels of 85% in a posttest.
Palincsar and Brown (1984) conducted additional studies based on the
pilot study in order to compare the effects of reciprocal teaching on reading
comprehension. Twenty-four poor readers were selected and assigned to one of
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four different groups. Group 1 received reciprocal teaching, and Group 2
received locating information where the students received immediate feedback
on their answers to the comprehension questions of the content they read. Group
3 received all of the daily assessment without intervention, and Group 4 received
only the pretests and posttests. Similar results to the previous studies were
found. The results showed that the number of unclear questions and inadequate
summary statements were decreased, and the number of main idea questions
and summary statements were increased in the later sessions through the
teacher's guidance such as modeling, prompting, feedback, and scaffolding on
the four comprehension-monitoring strategies. The reciprocal teaching group
students improved dramatically in their reading comprehension ability over time
and outperformed the students in other groups in the comprehension tests.
However, in the study the teacher was the researcher. So another replication
study was conducted in order to test the practical significance of the intervention
by applying this strategy to real teachers in their normal classroom settings.
Twenty-four students were assigned to one of four different treatment groups.
The four groups were taught by four different volunteer teachers. A similar
pattern of results was found. This indicated that reciprocal teaching is a practical
method for regular classrooms, and that its effect is reliable.
Eventually, Palincsar et al. (1987) applied the reciprocal teaching to peer
tutoring settings. Remedial readers were trained as tutors for reciprocal teaching.
These tutor students then led discussions with other peer readers. Both the tutors
and tutees showed improvement in their question-generation and summary
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skills, comprehension-monitoring skills, and comprehension ability through
successive discussion sessions with reciprocal teaching. This indicated that
structured verbal interactions for comprehension monitoring (self-questioning)
among peers could foster and guide the reflective thinking process and help
them to internalize it.

On-Line Discussion Settings

Few studies have examined external support for peer questioning or
reflection with on-line environments. Several on-line collaborative learning
environments that may be directly or indirectly related to the current study will
be reviewed.

Computer-Supported Intentional Learning Environments
Scardamalia and her colleagues conducted the most relevant studies to the
current study. They have focused on developing on-line learning environments,
called Computer-Supported Intentional Learning Environments (CSILE), where
students were facilitated to think reflectively and overtly, were guided to ask
constructive questions of each other, were encouraged to give reflective feedback
on peers' understanding, and thus were supported in building their own
knowledge intentionally (Scardamalia & Bereiter, 1991, 1996a, 1996b;
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Scardamalia et al., 1992; Scardamalia, Bereiter, McLean, Swallow, & Woodruff,
1989).
CSILE provided "a means for a group of students to build a collective
database (knowledge-base) of their thoughts, in the form of picture and written
notes. CSILE store[d] the thoughts entered by each student and ma[de] them
available to everyone....Written notes c[ould] be labeled in a variety of ways.
Students [were] asked to provide these labels in order to facilitate reflection and
to allow the notes to reappear in multiple contexts" (Scardamalia et al., 1989, 52).
It was designed based on a variety of cognitive principles for supporting
intentional learning, such as making knowledge-construction activities overt,
providing process-relevant feedback, giving students responsibility for
contributing to each other's learning and so on (Scardamalia et al., 1989). These
supports were provided through a specially-designed interface. For example, in
order to make their knowledge-construction process overt, CSILE provided pulldown menus related to their mental activities, so that students could select a
certain kind of mental activity they intended to engage in, such as setting a goal,
identifying problems, connecting old and new information, solving problems
and so on. Also, in order to provide procedural facilitation, providing temporary
supports to learners to adopt new strategies, CSILE provided specially-designed
interfaces, such as presenting formats and reminders, providing menus to
facilitate making decisions, and so on. Through these features of CSILE, students
were encouraged to formulate their own questions, to improve the quality of
their questions, to share those questions with peers, and to help each other to
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construct knowledge. In addition, students were requested to provide processrelevant feedback about the clarity, consistency, and completeness of their peers'
initial opinions that allowed peers to reflect on their understanding.
It was initially and successfully implemented with fifth and sixth graders
daily for eight months. Scardamalia et al (1989) reported the following:

Students used the system to elaborate models and hypotheses, to delve
into difficult texts, to seek deeper levels of explanation, to elaborate
confusions, and generally to engage in processes thought to be beyond
their years.... For the teachers, CSILE [was] such an integral part of their
instruction that they fe[lt] they would have to take a substantial step
backwards if the computer were removed. (p.65)

In the following experimental study with fifth and sixth graders
(Scardamalia et al., 1992), they found that CSILE students generated higher
quality questions than the students in the control group did. In addition, CSILE
students generated more in-depth explanations, demonstrated more accurate
knowledge, and gained higher scores in standardized achievement tests than the
control group students did. More important results were found in comparison
between two different instructional approaches, an independent-research and a
collaborative knowledge-building model within CSILE. In the independentresearch model, students were requested to work as relatively independent
researchers while still using CSILE. Thus, their organization of their research
activity was mostly influenced by a menu of "thinking types" that were designed
by students and represented different kinds of mental activities, such as
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question-asking, planning, goal-setting, and identifying new information.
Representing their mental activities by choosing thinking types was regarded as
an indication of reflective thinking in their process of knowledge-construction. In
the collaborative knowledge-building model, students were requested to work
together as a team while using the CSILE. This collaborative group of students
generated significantly more comments on their peers' notes, added more
keywords to their own notes, and linked more of their notes to others than did
students in the independent-research group. In addition, the collaborative group
of students used the thinking-types menu considerably more often than did
students in the independent-research group.
This implied that the computer interface designed to support students'
reflection could be more effective when peer interactions were encouraged,
because they should be more reflective in their understanding when they were
responsible for providing reflective feedback to their peers’ opinions,
constructive questions on the topics, and explanations for the questions and
feedback.

Other On-Line Collaboration Projects
There are a number of other projects developed for supporting on-line
collaborations (e.g., Abowd, da Graca Pimentel, Ishiguro, Kerimbaev, & Guzdial,
1999; Guzdial et al., 1997; Bell, 1997; Bell, Davis, & Linn, 1995; Edelson & O'Neill,
1994, April; Guzdial, 2000). Although these environments do not clearly provide
specific guidance for generating effective peer questions, most environments

45
include a certain type of discussion interface that facilitates meaningful peer
interactions in collaborative learning.
For example, a Collaborative and Multimedia Interactive Leaning
Environments (CaMILE) has been developed to support collaborative learning
for college students (Guzdial et al., 1997). Similar to CSILE, CaMILE provides an
authoring interface that students need to specify what types of responses they
are going to make--such as "New idea," "Revision," "Question," "Alternative,"
"Comment," and "Rebuttal." Through this interface, students can be guided to
articulate types of their thinking in generating peer interactions. In their pilot
study implemented for college students, no specific learning effects of the
environments were reported.
The Leaning Through Collaborative Visualization (CoVis) environment
was developed to enhance collaboration in science education (Edelson & O'Neill,
1994, April). This on-line environment also provides an interface that can
effectively organize on-line discussion in science study. Students are asked to
specify their response type by choosing one of the following menus: Information,
Commentary, Questions, Conjecture, Evidence for, Evidence against, Plan, and
Step in plan. This environment was implemented into high school students;
however, no actual learning effects of the environment were reported.
A framework for the Knowledge Integration Environment (KIE) has been
developed by Linn and her colleagues (Linn, 2000). KIE represents “an integrated
set of software learning tools coupled with a project-based framework for middle
and high school science curriculum focused around Web resources” (Bell, 2002,
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p. 450). The main goal of KIE is to enhance learning as “knowledge integration”
and apply knowledge to a real world or classroom experience through the use of
educational technology (Bell, 2002). In order to scaffold students’ knowledge
integration, four instructional principles are implemented in KIE: (a) “making
science accessible” by helping students to identify relevant tasks at an
appropriate level of analysis; (b) “making thinking visible” by modeling and
making apparent the process of knowledge integration; (c) “helping student
learn from each other” by facilitating social interactions through collaborations,
discussions, and debates; and (d) “promoting lifelong science learning” by
applying inquiry to everyday life (Linn, 2000).
In KIE, various guiding strategies have been applied and revised under
the “making thinking visible” principles. For example, in order to scaffold
students’ thinking process, a checklist for scientific inquiry steps was provided
along with detailed descriptions on how to perform each step. The steps
included surveying and critiquing evidence, raising questions, and constructing
arguments (Linn, 2000). Also, in order to guide students to make scientific
arguments, an argumentation support software tool, called SenseMaker, was
developed. Through the interface of SenseMaker, students visualize and reflect
on their arguments more effectively (Bell, 2002). With this tool, students’
explanation skills are scaffolded by two strategies, prompts and hints. When
students begin to develop their explanations for the evidence they review,
“sentence starters” are provided to prompt their thinking--such as “as we
prepare for our debate and think about this evidence, we want to remember…”
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and, “in considering how well this claim explains all the evidence, we think…”
Also, hints about either the activity or the evidence are provided according to
students’ requests, such as “Activity Hint: When you are reading the arguments,
pay close attention to what the scientists are saying. How are they using the
evidence to support their ideas?” (Bell & Linn, 2000). In a study on classroom
debates using the SenseMaker, Bell and Linn (2000) found that students
participating in the debate constructed more normative and robust
understanding. Davis and Linn (2000) also investigated effects of different
prompts and compared them in KIE using SenseMaker. They found that selfmonitoring strategies helped students to develop better quality explanations
while process prompts helped them to complete their project.
Although peer-questing strategies were not provided in KIE, studies
showed that on-line prompting strategies could direct students’ thinking and
facilitate reflection by improving the quality of explanations in debate. This
implies that providing on-line prompts can be a compelling strategy for
improving reflection and explanation in other contexts, such as generating
effective challenges during on-line discussion.

Strategies for Guiding Peer Questioning

In this section, various strategies used for guiding the questioning process
will be reviewed. Specifically, the use of generic examples of questions for
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prompting and domain-specific examples of questions for modeling will be
discussed (Lin, 2001).

The Use of Generic Examples of Questions
One effective strategy used for facilitating or guiding students to ask
effective questions is providing a set of generic question stems or selfquestioning cues such as "Explain why...," "What would happen if...?" or "An
explanation would be..." These generic examples of metacognitive cues can
prompt and guide students to generate effective questions that elicit meaningful
interactions such as elaborative explanations from peers (King, 1992b; Lin, 2001).
In a series of King's studies of questioning strategies, these question stems
were successfully incorporated for prompting students' self-questioning (King,
1989, 1992a) and peer questioning (King, 1990, 1991b, 1992b, 1994b; King &
Rosenshine, 1993). King pointed out that for effective training in questioning
strategies, the strategies should be easy for students to internalize (1989). In most
of her studies, a set of generic question stems (e.g., “What would happen if...”)
were provided with a prompt card, so students could easily refer to the examples
when they asked questions of their peers. Most of her studies showed that
providing this question prompt card was effective and essential in questioning.
In students' composition planning tasks, Scardamalia et al. (1984)
incorporated planning cues stimulating self-questioning, such as "The reason I
think so..." or "An important point I haven't considered yet is.…" Students were
guided to use these phrases in their think-aloud planning process. When they
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became stuck in the planning stage of composition, they could refer to
appropriate phrases among the given cues and use them in their process.
Therefore, providing these content-free question stems or cues may help
students to be able to formulate their own questions related to given topics in online discussion settings.

The Use of Specific Examples of Questions
Perkins and Salomon (1989) highlighted that cognitive skills for effective
problem-solving or decision-making depends not only on general strategies but
also on domain-related expertise. They argued that most people who have high
general intelligence could not perform a certain task such as playing chess, fixing
a car, or playing a musical instrument without a certain amount of experience,
because cognitive skills are related to domain-specific knowledge. For example,
chess is known as a game that seems to need only general rule-based reasoning.
But, expert players use their knowledge base of play patterns from their previous
experience instead of applying general rules. This implies that cognitive skills
need to be trained with real examples in a specific context.
Lin (2001) also identified, in her review on metacognition literature, that
different metacognitive strategies have been developed and used for helping
students to learn a specific domain. For example, different cognitive skills
developed under a specific domain such as science, mathematics, reading
comprehension, writing skills, or problem solving. She also pointed out that it is
important that cognitive strategies should be trained within a supportive
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learning community of the domain. Likewise, Brown and Palincsar (1987)
emphasized that metacognitve skills, such as generating peer-questions for
comprehension monitoring, can be modeled effectively through conversation in
a real discussion context.
These perspectives implied that different domains may highlight different
metacognitive skills for enhancing learning about a domain. This also suggests
that it may be important for students to be provided not only with content-free
generic examples but also with contextualized specific examples on a given topic.
As an example of face-to-face setting, in reciprocal teaching (Palincsar &
Brown, 1984), where students were guided for comprehension strategies in
reading--questioning, summarizing, clarifying, and predicting--teachers and
students took turns in their role of leading the conversation. The person who was
responsible for leading the conversation was supposed to generate a series of
questions that facilitated the four comprehension activities of the question
receiver. In this process, teachers or peer tutors first led the discussion,
demonstrating appropriate peer-questioning skills by providing complete and
contextualized questions on the given topic. Thus students could learn
questioning skills through these specific examples of questions on a given topic
generated by tutors. Then, students took the responsibility for leading the
discussion with the teachers’ or peer tutors’ help. In fact, a number of studies on
reciprocal teaching supported that through tutor modeling and the use of
contextualized examples within a real context, students internalized questioning
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skills successfully and were able to lead the conversation (Palincsar, 1986;
Palincsar & Brown, 1984, 1989; Palincsar et al., 1987).
As an example of an on-line setting, in order to model experts' scientific
arguments in on-line discussion, Bell (1997; 2002) used real examples of experts'
arguments through an Internet-based argument tool called SenseMaker. As
mentioned earlier, the SenseMaker is one component of the Internet-based
Knowledge Integration Environment (KIE) for science education (Bell et al.,
1995). Through the interface of this argument tool, such as Look at Theories,
Create Evidence, and Plan for Debate, students are facilitated and guided to
build effective peer interactions in on-line discussion. In addition, students are
provided real examples of expert debate, such as "historical arguments from
Isaac Newton and Johannes Kepler about the relationship between light and
perceived color" (Bell, 2002, p. 457). So students can model their debate skills
after real examples within on-line discussion context.
Therefore, providing domain specific examples of questions generated by
advanced students or experts might help to students to be able to generate their
own questions related to given topics during on-line peer interactions.

Chapter 3
METHODS

Participants

The subjects of this study were college students enrolled in an on-line
introductory class on turfgrass management during the 2001 Spring Semester.
This course, titled The Turfgrasses (Turf 235), is regularly offered from a landgrant university in the northeastern United States and is delivered through the
World Wide Web. So the audience for this on-line course had no restriction in
their location and time. These subjects were selected because they were taking an
on-line course in which the instructional strategy proposed in this study was
focused.
In compliance with the university’s regulations, the purpose of the study
was distributed through the Internet to all 53 students who were enrolled in the
turfgrass management class in order to obtain their consent to participate in the
current study (see Appendix H for the consent form). Although 45 students
agreed to participate in the study, 39 students’ data were used for this study
because 6 participants dropped out of the course during the semester.
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All of the students in the class were randomly assigned to one of 10 small
groups in which four to six members participated in discussion. This course was
designed to have an optimal number of five students in each small group. The
minimum number of students in order to keep appropriate interactions in
discussion was four per small group. After assigning individuals to the small
groups, each small group was randomly assigned to one of two groups:
treatment and control. The treatment group consisted of 19 participants from 5
small groups out of the 10 groups while the control group consisted of 20
participants from the remaining 5 small groups.
According to an on-line survey to which 14 students among the 39
participants responded, the majority of participants were Caucasian male
students who were pursuing a technical certificate in turfgrass management.

The Context for the Study

Turf 235 (The Turfgrasses) is a required undergraduate course for
obtaining either a degree or a certificate in turfgrass management. Also, it is
regularly offered on-line through a distance education program under the
College of Agriculture.
There were several reasons for choosing this class for this study. First, the
treatment used in this study required an on-line environment, and this course is
an on-line course offered only through the Internet. Second, this on-line class
could increase the internal validity of the experiment by preventing experimental
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treatment diffusion (Gall, Borg, & Gall, 1996); in contrast, this threat would be
possible in an on-site class where students could communicate through face-toface contact outside of class for the duration of the treatment (four weeks). In the
case of an on-site class, the students in the treatment group could communicate
with the students in the control group, and they could share the treatment.
However, in the turfgrass class, which is offered fully on-line, most of the
communication among the students was restricted to their assigned group. So
the possibility of treatment diffusion was low. Third, on-line discussion was one
of the primary learning strategies in this turfgrass course. Because this study
focuses on the learning effects of peer interaction in on-line discussion, these
phenomena would be magnified in a course where on-line discussion is the
essential learning activity. Lastly, this course was an introductory-level course.
Accordingly, the students in this course were expected to be novices. The
intervention in this study aims to improve metacognitive and cognitive
processes, which are assumed to be limited for novice learners.
There were two primary activities in this class: self-study of a series of
lesson modules and small group discussions. First, individual students studied
27 lesson modules on the Internet according to the course schedule. From any
time and place, they could access the lesson site with their ID, password, a
computer, a web browser, and an Internet connection. As shown in Figure 3-1,
each lesson module consisted of a set of screens with a picture and a brief
explanation of the topics on introductory turfgrass management, such as the
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anatomy of turfgrass, cultivation, irrigation, and disease. The students could
navigate these screens to review each lesson.

Figure 3-1. Sample screen from the Turf 235 lesson modules.

Second, after studying approximately five lesson modules, the students
discussed questions assigned by the instructor with their small group members.
The students participated in five discussion sessions throughout the semester.
For each discussion session, the instructor assigned a set of six different
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questions to all of the small groups (see Appendix B for the list of questions).
Then one of the six questions was randomly assigned to each student in the small
groups, so each member in a group had a different question to be answered.
After studying the assigned questions during a one-week period, all of the
students posted their initial answers to the assigned questions for the other
group members to read. Then a one-week-long group discussion began. During
this discussion, each student had to post at least two questions or suggestions for
any member in his or her group. At the same time, the students were responsible
for answering their peers’ questions about their initial postings. Their
questioning and answering behaviors, such as the frequency of the questions and
the quality of the answers, were evaluated by the instructor. After the one-weeklong discussion, the students revised and resubmitted their final answers on the
question originally assigned by the instructor. Their final answers were also
evaluated by the instructor. These discussion behaviors and the students' final
scores comprised 50% of their final grade.

On-Line Discussion Tool and Treatments

The on-line learning environments of both the control and the treatment
groups were exactly the same except for the instructional intervention provided
to the treatment group. For the small group discussions, the students in both
groups used an identical on-line discussion tool that was designed for this class.
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However, the treatment group was provided with on-line guidance in generating
effective peer-challenges through the interface of the discussion tool.

On-Line Discussion Tool
An on-line discussion tool used for this class is called Collaboration and
Negotiation Tool for Case-Based Learning (Conet-C version 1), which had been
adapted by the researcher from the Collaboration and Negotiation Tool for
Project-Based Learning, developed by Susan Land and funded by The
Pennsylvania State University. Conet-C was linked from the Turf 235 main Web
page. When the students wanted to see assigned questions, to answer a
question, or to discuss their answers with peers, they accessed Conet-C (see also
Appendix G for Conet-C tutorial) for these activities.
Conet-C consisted of three major pages: a main page, a question page, and
a discussion page. The main page (see Figure 3-2) was the first place where the
students arrived after logging in to Conet-C. From the main page, the students
could access other pages according to their discussion activities and the course
schedule. From the main page, the students could find four to six solution areas
along with the names of their group members. The very first solution area on the
top of the main page was always a working area for the current user. The rest of
the solution areas were named after other members in the group. Through the
working area (the first solution area), the users could click on the appropriate
icons to generate, update, and post an assigned question and to discuss the
posted answers with their peers. The other solution areas were used to review
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other members' answers and to discuss these answers with those peers in his or
her small group who posted answers. Each solution area had five grass and
feedback icons that corresponded to five discussion sessions. Grass icons were
used for writing, updating and posting assigned answers, or for reviewing
others' initial answers to their assigned questions. Feedback icons were used for
discussing the posted answers with peers.

Current user's
solution area

Icons for
question pages

Icons for
discussion pages

Peers'
solution areas

Figure 3-2. Sample screen of a main page in Conet-C.

By clicking one of the grass icons in the current user's working area, a
question page was opened in which an assigned question for a discussion session
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and a text box appeared (see Figure 3-3). The user could write an answer to the
question in the text box. Once the user clicked the "Save" button under the text
box, the answer was available for other members to review. The user could also
review other members' answers by clicking one of the corresponding grass icons
in each member's solution area in the main page. During each discussion session,
the user could update his or her initial answer through a question page, but she
or he could not change other members’ answers. The user could only review
others' answers through a question page (see also Appendix G for details).

Question
assigned to the
current user

Text box
for writing
answer

Figure 3-3. Sample screen of a question page in Conet-C.
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A discussion page was accessible through feedback icons in each box in a
main page (see Figure 3-4). Similar to generic bulletin board systems, the
discussion page had two separate windows, one for navigating postings and the
other for reviewing and writing feedback. When the user opened a discussion
page through his or her working area, she or he could review peers' questions or
feedback to his or her answer to the assigned question and reply to peers'
questions. When the user wanted to discuss other members' answers in his or her
small group, she or he needed to open a discussion page through other members'
solution areas (see also Appendix G for details).

Figure 3-4. Sample screen of a discussion page in Conet-C.
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On-Line Guidance for Generating Effective Peer-Challenges
On-line guidance for generating effective peer-challenges was provided to
the treatment group through discussion pages in Conet-C. In fact, an icon labeled
"Questioning tips" that allowed students to access the guidelines was available to
the treatment group as shown in Figure 3-5.

Questioning
Tip icon

a. Interface for the treatment group

b. Interface for the control group

Figure 3-5. Interface for accessing the peer-challenge strategy.

The guidelines for effective peer-challenges were designed to facilitate the
learners' generation of three different types of challenges to their peers' initial
answers: clarification or elaboration questions, counter-arguments, and context-
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or perspective-oriented questions. Definitions, functions, and cognitive benefits
of each type of challenges are summarized in Table 3-1 (see also Appendix F for a
complete list of the guidelines).

Clarification or Elaboration Questions
Clarification or elaboration questions, as described in Table 3-1, meant peergenerated questions seeking additional information to clarify or elaborate
learners' initial ideas. These questions could identify missing information,
indicate unclear parts, and detect errors in learners' initial explanations on given
topics. This type of peer-challenge could help learners to elaborate or articulate
their ideas, explain their ideas clearly, and correct their partial
misunderstandings (Koschmann, Kelson, Feltovich, & Barrows, 1996; Tao &
Gunstone, 1999). Examples of this type of challenge that might be either
generated by students or supported could include the following:
•
•

What are the differences in between and within the four cool-season
turfgrass genera listed in your answer? or
I think you missed important factors influencing recuperative capacity
in your answer. Wouldn't toxic soil residues influence the recuperative
capacity of a turf?

As shown in Figure 3-6, guidance for generating clarification questions were
based on three possible categories of episodes (or reasons for posing a challenge):
•
•
•

Your explanation is unclear,
You missed some important points in your answer, and
You did not answer the question correctly (see Figure 3-6).

Table 3-1
Typology of Peer-Challenges: Definitions and Cognitive Benefits
Type of
Challenge

Definition

Type I:
Clarification
/Elaboration
Questions

•

Type II:
CounterArguments

•

•
Type III:
Context/PerspectiveOriented
Questions

Episode

Peer-generated questions
seeking additional
information from learners'
initial answers for
clarifying or elaborating
ideas

•

Peer-generated opinions
expressing disagreements
with learners' initial ideas

•

Peer-generated
hypothetical questions
changing critical factors in
given problem situations
or considering different
perspectives on the
problems

•

•
•

•
•

Function

Your explanation is
unclear.
You missed some
important points in your
answer.
You did not answer the
question correctly.

•

I disagree with what you
said because...

•

What if the context (in
which the problem or
problematic situation
occurred) changed?
What if the problem or
problematic situation
itself changed?
Let’s look at the problem
or problematic situation
from this perspective.

•

•
•

•

Cognitive Benefit

Identifying missing
information in
explanation
Indicating unclear parts
in explanation
Detecting errors in
explanation

•

Generating explicit
cognitive conflicts

•

Providing additional
factors or changing
factors to challenge
initial solutions
Suggesting different
perspectives that might
be considered to
generate better solutions

•

•
•

•
•

•
•

Articulating/elaborating
ideas
Monitoring own
understanding and
detecting errors
Correcting partial
misunderstanding
Justifying/defending
positions
Changing concepts
Negotiating/coconstructing
understandings
Generating predictions
and explanations
Considering multiple
perspectives
Negotiating/coconstructing
understandings
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In order to support learners in generating these challenges, specific
descriptions of how to generate specific types of challenges in a given situation,
generic examples of the challenges, and domain-specific examples of the
challenges were provided from each episode. The detailed contents of the
components were developed by a researcher and a turfgrass management expert
who has more than 40 years of field experience and 32 years of teaching
experience with the course. An example of these three components and the
rationale for using these components are described in Table 3-2.

Episodes for
Clarification
Questions
Episode for
CounterArguments
Episodes for
Context/Perspectiveoriented
Questions

Figure 3-6. Main page of the peer-challenge guidance and the categories of
episodes.

Table 3-2
Examples and Rationale of Three Components for Peer-Challenges Guidance
Component
Specific
Descriptions on
How to Generate
Challenges

•

Generic Example

•
•
•
•
•

Specific Example

•

•

•

•
•
•

Example
(Episode: Your explanation is unclear)

Rationale

If a portion of the answer is unclear:
o identify the portion that is unclear
o try to explain why it is unclear
o ask for clarification
If the entire answer is unclear:
o try to explain why it is unclear
o ask for clarification
Who? When? Where? What? Why? How?
What did you mean by the term ….?
Could you please give specific examples of that?
Could you please explain it more?
Would you clearly differentiate between...?

•

Procedural guidelines on
strategy can help learners
to model reflective process
(Scardamalia, Bereiter, &
Steinbach, 1984; Lin, 2001).

•

(From P2 Q3) Your answer lacks some key points of importance in a turf's temperature
regulating capacity. What causes the thickness of the water vapor layer around the plant to
change? Does the atmospheric temperature slow down or speed up transpiration rates? If this
is true, on a hot day a plant would respire more than on a cool day. Is this true? Does humidity
have a direct effect on transpiration rates? If there is more humidity in the air, does the grass
plant respire less? Are there any other factors that have a direct effect on transpiration besides
humidity, air temperature and wind?
(From P2 Q5) Good answer, but you haven't covered all of the bases. At the end, I think you
should suggest he start a campaign to have your troubled greens rebuilt. What else might be a
solution to your problem besides aerification? Are there other measures you could take to
alleviate the problem?
(From P1 Q1) I'm glad that you covered the role of turf in reducing toxic emissions from the air.
Would you please give more information about what type, and how much turf would it take to
effectively control toxic emissions along roadsides, or airport runways?
(From P1 Q1) I liked how you differentiated between the functions of the two areas of roadside
turfgrasses that to the naked eye might look the same. How might you describe a turfless world
to further emphasize your point?
(From P1 Q4) While your answer seemed to be very complete, I did come up with a few
questions. How does the width of the Kentucky bluegrass blade compare with other cool
season grasses? Can this be used to help distinguish it from the others? Can the midvein be
used to help distinguish Kentucky bluegrass from other cool season grasses? If so, how?

•

Providing generic examples
of questions can help
learners to formulate
questions (King, 1989, 1990,
1994; Scardamalia et al.,
1984)
Providing domain-specific
examples of questions
generated by experts may
help learners to formulate
questions (Perkins &
Salomon, 1989; Lin, 2001;
Brown & Palincsar, 1987;
Palincsar & Brown, 1984;
1989).
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As shown in Figure 3-7, when students clicked on one of the episodes,
such as "Your explanation is unclear" from the main page of the Good
Questioning Tips (the left screen picture in Figure 3-7), they could access specific
guidelines for generating effective challenges to a specific situation (the right
screen picture in Figure 3-7).

Specific
description
on how to
do

Generic
examples

Specific
examples

a. Main page

b. Guidelines page

Figure 3-7. Sample screen from the peer-challenge guidelines: Your explanation
is unclear.
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Counter-Arguments
Counter-arguments, as described in Table 3-1, meant peer-generated
opinions expressing disagreements with learners' initial ideas. Unlike
clarification questions, these challenges could identify major differences between
answerers’ and peers' understanding on given topics. This type of peer-challenge
could magnify explicit cognitive conflicts, which could encourage learners to
justify their positions, reconstruct their misconceptions, and negotiate their
understandings (Tao & Gunstone, 1999). Examples of this type of challenge
might be the following:
•

I don't think your proposed solutions will work because..., or

•

While I agree that trees and turfgrass both need care to survive, I think
turfgrass is a more complex system and has more of an ability to
multiply than a tree, especially considering the multitude of leaves a
turfgrass plant produces. Are you saying that trees and turfgrass
plants reproduce the same way and with the same results? How do
turfgrass plants actually reproduce?

The corresponding guidance for generating counter-arguments had one
episode:
•

I disagree with what you said because ...

Students could access detailed information for generating counterarguments by clicking the episode, “I disagree with what you said because…” in
the main page of the Good Questioning Tips as shown in Figure 3-8.
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a. Main page

b. Guidelines page

Figure 3-8. Sample screen from the peer-challenge guidelines: I disagree what
you said because...

Context- or Perspective-Oriented Questions
Context- or perspective-oriented questions meant hypothetical questions
changing critical factors in a given problem situation or considering different
perspectives on the problems in this study. Unlike clarification questions or
counter-arguments, these challenges were not indicating a problem with
learners' responses. Instead, these challenges could stimulate learners to think
systemically about the dynamic aspects of the problems beyond the levels of the

69
assigned questions. This type of peer-challenge could prompt learners to
generate predictions and explanations and to consider multiple perspectives on
the problems (c.f., Schank & Cleary, 1995; Spiro, Feltovich, Jacobson, & Coulson,
1992; Spiro, Vispoel, Schmitz, Samarapungavan, & Boerger, 1987). Examples of
this type of challenge might include the following:
•

If there is more humidity in the air, does the grass plant respire less? or

•

How would your answer change if the registrations of all turf
pesticides were withdrawn, or if all chemical application had to be
made by licensed professionals?

The guidance for generating this type of challenge had three episodes:
•

What if the context (in which the problem or problematic situation
occurred) changed?

•

What if the problem or problematic situation itself changed?

•

Let’s look at the problem or problematic situation from this
perspective.

As shown in Figure 3-9, students could access detailed information on this
type of peer-challenge by clicking one of the three episodes on the main page of
the Good Questioning Tips.
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a. Main page

b. Guidelines page

Figure 3-9. Sample screen from the peer-challenge guidelines: What if the context
changed?

71

Research Design
The Rationale for a Mixed Model Study
The research questions in the current study were both confirmatory and
exploratory in their orientation. In this study, a peer-challenge support model
and intervention was suggested as a solution to enhance on-line instruction.
Based on the literature, this model could be tested through deductive reasoning
for confirmation. At the same time, the current study aimed to investigate
learners' perceptions of their experience in using the on-line guidelines for
generating effective peer-challenges in the context of on-line discussion. This
aspect of the research was intended to offer further support to the quantitative
results. However, even more importantly, it was intended to discover new facts
and implications to refine the design of the on-line guidance and related on-line
learning environments in such way that this new strategy could be more
successfully incorporated in classroom settings. (e.g., Brown, 1992; Collins, 1992;
Hawkins & Collins, 1992; Hsi, 1998; Sandoval & Reiser, 1998). Therefore, in order
to conduct the current study, a mixed research design, combining both
quantitative and qualitative methods, was necessary.
The mixed model for research design, as a new research tradition,
developed through debate between qualitative and quantitative extremes,
"combine[d] the qualitative and quantitative approaches within different phases
of the research process” (Tashakkori & Teddlie, 1998, p. 19). Accordingly, in this
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study both quantitative and qualitative techniques were used for both data
collection and analysis.

Field Experimental Design

Collect
qualitative
data

Collect
quantitative
data
Path 2

Path 3
Perform
content
analysis

Path 1

Perform
statistical
analysis

Figure 3-10. Three paths of data collection and analysis. Modified from
Tashakkori & Teddlie, 1998, p. 54.

Different paths for data collection and analysis are presented in Figure 310. In general, the current study could be classified as a field experimental study
because a treatment was implemented in an ongoing on-line discussion, an
ecologically-valid natural setting. Unlike typical experimental studies that focus
only on testing effects of treatments through a quantitative approach, this study
aimed to find support for the hypothesis of the treatment as well as to engage in
an in-depth explanation of the learning experience. Therefore, this study
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followed three paths for data collection and analysis: (1) collecting quantitative
data (e.g., multiple-choice tests) and performing statistical analysis; (2) collecting
qualitative data (e.g., an observation of on-line interactions), converting the data
to quantitative form, then performing statistical analysis; and (3) collecting
qualitative data (e.g., an observation of on-line interactions, a survey and a
follow-up with an in-depth interview) and performing a content analysis.

Field Experimental Time-Series Control-Group Design
In order to conduct this study with a mixed design model, a field
experimental time-series control-group design was employed (Gall et al., 1996;
Tashakkori & Teddlie, 1998). Since this research design was intended to keep
intact all class activities and events, all research activities followed the original
class schedule in order to increase ecological validity. In addition, it helped to
conduct observations more efficiently because administering extra activities such
as additional tests should result in higher costs and greater effort.
The observation and treatment schedule and the corresponding class
activities are described in Table 3-3. The on-line course consisted of five
discussion sessions and three multiple-choice exams. Pre-observations included
evaluating the first two discussion sessions and the first multiple-choice exam,
which followed the discussion sessions. The intervention was given to the
treatment group in the third and fourth discussion sessions. During the
treatment sessions, students’ on-line discussions were observed and collected.
After the treatment sessions, the second multiple-choice exam was administered
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as a posttest. Finally, the last discussion was observed when the treatment was
removed. The third multiple-choice exam, which followed the last discussion
session, was used as a delayed- and a transfer test.

Table 3-3
Field Experimental Time-Series Control-Group Design
Group

Class
Schedule
(Duration)

S1

S2

E1

S3

S4

E2

S5

E3

(3wk)

(3wk)

(1hr)

(3wk)

(3wk)

(1hr)

(3wk)

(2hr)

O2

OE1

O3

O4

OE2

O5

OE3

X

X

O3

O4

OE2

O5

OE3

Experimental
Group

Observation
Schedule
Treatment
Schedule

O1

Control
Group

Observation
Schedule
Treatment
Schedule

O1

O2

OE1

Note. S1, S2, S3, S4, and S5 indicate five sessions of three-week-long discussion. Each
session consisted of three stages: writing and posting initial answers during the first
week, discussing initial answers with peers for the second week, and revising the initial
answer for the last week. E1, E2, and E3 indicate three different multiple-choice exams
designed to measure the memory and comprehension of the content. O1 and O2 indicate
two pre-observations of all students’ verbal interactions during the first and second
sessions of on-line discussion. O3 and O4 indicate two treatment observations of on-line
verbal interactions during the third and fourth discussion sessions when the treatment
was given. O5 indicates a post-observation of on-line verbal interactions during the fifth
discussion session when the treatment was removed. X indicates the treatment, the online guidance for generating effective peer-challenges.
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Data Collection and Analysis

Based on the research questions, three different paths of data collection
and analysis were followed. Each path employed a different research design and
different techniques for data collection and analysis, as summarized in Table 3-5.

Path 1: Quantitative Data Collection and Statistical Analysis
In path one, data were collected quantitatively and analyzed using
statistical techniques. In order to conduct this part of the study, a pretest-posttest
control group design (Gall et al., 1996) was employed. Table 3-4 shows the
treatment and observation schedule for this part of the study.

Table 3-4
Pretest-Posttest Control-Group Design
R

O1

R

O1

X

O2

O3

O2

O3

Note. O1 indicates a multiple-choice exam, which is designed to measure memory and comprehension of the
content studied during the first and second discussion sessions. It was administered right after the second
discussion session and just before the treatment. X indicates the treatment, which was on-line guidance for
generating effective peer-challenges. O2 indicates a posttest, which was a multiple-choice exam designed to
measure memory and comprehension of the contents studied during the third and fourth discussion
sessions. O3 indicates a multiple-choice exam administered after the fifth discussion session. This test was
used for two different purposes. First, there were items measuring the memory and comprehension of the
contents studied during the third and fourth discussion sessions. It was used as a delayed-test, which was
testing whether the treatment affects the retention of knowledge. Second, there were items measuring the
memory and comprehension of the contents studied during the fifth discussion session. It was used as a
transfer-test, which was testing whether peer-challenge strategies scaffolded during the third and fourth
discussion sessions were transferred to the fifth session when no guidance was given.

Table 3-4
The Research Questions, Data Collection and Analysis Paths, Instruments, and Data Analysis Techniques
Research Question
1. Does the use of on-line guidance for
generating effective peer-challenges affect
students' on-line challenging behaviors--such as
the types of challenges generated, the clarity of
these challenges, and the clarity of the rationale
for the challenges--during small group on-line
discussion?
2. Does the use of on-line guidance for
generating effective peer-challenges during
small group on-line discussion affect students'
performance in memory and comprehension
tests?
3. Does the use of on-line guidance for
generating effective peer-challenges affect
changes in students' knowledge during small
group on-line discussion?
4, Does the use of on-line guidance for
generating effective peer-challenges affect
students' on-line discussion activities--such as
the frequency of interactions, threaded
responses, and off-task interactions--during
small group on-line discussion?
5. Are there any positive relationships between
challenging and discussion activities and
learning outcomes?
6. What are student perceptions of using the online guidance?

•
•

•
•

•
•

•
•

•
•

Research Design and Data
Collection and Analysis Path
Path 2: Qualitative data
collection and statistical analysis
Field experimental time-series
control-group design
R O O Ox Ox O
R O O O O O

Data Source and Instrument
•
•

Path 1: Quantitative data
collection and statistical analysis
Pretest-posttest control group
design
R O X O O
R O
O O
Path 2: Qualitative data
collection and statistical analysis
Field experimental time-series
control-group design
R O O Ox Ox O
R O O O O O
Path 2: Qualitative data
collection and statistical analysis
Field experimental time-series
control-group design
R O O Ox Ox O
R O O O O O
Path 1 & 2

•

Path 3: Qualitative data
collection and content analysis

•

•

•
•
•
•
•

•

Analysis Technique

Students' on-line written
interactions during
discussion sessions
Two raters and rubrics

A multiple repeated
measures ANOVA
with betweensubjects factors

Students' response on
paper-pencil test
Multiple-choice exams

A multiple repeated
measures ANOVA
with betweensubjects factors

Students' on-line written
responses on open-ended
discussion questions
Two raters and rubrics

A multiple repeated
measures ANOVA
with betweensubjects factors

Students' on-line written
interactions during
discussion sessions
Frequency counts

A multiple repeated
measures ANOVA
with betweensubjects factors

Using the data collected
for research question 1, 2,
3, and 4.
Students’ self-reports on
survey
Students’ responses to indepth telephone interview

Pearson's r
Reviewing data;
taking reflective
notes; summarizing
findings
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Instruments
Assessment of domain-specific knowledge in memory and comprehension
The one pretest and two posttests were all multiple-choice exams
designed to measure memory and comprehension of different parts of all of the
lessons about turfgrass. The scores of these three exams were used for students’
final grade. The pretest was designed to measure memory and comprehension of
lessons 1 to 7, which also correspond to the first two discussion sessions. The
posttest was designed to measure memory and comprehension of lessons 8 to 19,
which correspond to the third and fourth discussion sessions where the
treatment was implemented. Lastly, another posttest was administered in order
to measure memory and comprehension of all lessons. This last test was used for
two different purposes depending on the test items. The test items measuring
memory and comprehension of lessons 8 to 19 were used as a delayed-test, and
the test items related to lessons 21 to 29, which were studied during the fifth
discussion session, were used as a transfer test (see Appendix A-1).
All items in each instrument were developed by the instructor, who has
over 40 years experience in turfgrass management and 32 years in teaching
related courses at the graduate and undergraduate level. The original version of
the instrument was modified in the process of the reliability tests. For the
reliability test, Cronbach α, representing internal consistency of the instruments
(Cronbach, 1990; Suen, 1990), was used. The Cronbach α scores of the final
version of the instruments ranged between .7031 and .8649. Table 3-6
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summarizes the number of items, the reliability (α scores), and the range of
domain-specific knowledge measured by each instrument. More detailed
information on the item analysis, the reliability tests, and the example items is
explained in Appendix A.

Table 3-6
Reliability of the Multiple-Choice Tests
Test

Initial
Number
of Items

Final
Number
of Items

Reliability
Coefficient
- Alpha

Number
of
Cases

Pretest

50

46

.7508

43

Range of field
specific
knowledge
measured
Lesson 1 – 7

Posttest

50

46

.7537

38

Lesson 8 – 19

Delayed-test

27

26

.7031

37

Lesson 8 – 19

Transfer test

45

44

.8649

37

Lesson 21 - 29

Data Collection Procedure and Analysis Technique
Since this course was a distance education class delivered through the
Internet, all tests were also administered remotely. All of the exams were sent to
the individual students’ local libraries before the test days. On the scheduled
dates, individual students took the tests under the local librarians’ supervision.
All finished tests were returned through a regular mail system by the local
librarians. All data were analyzed by SPSS for Windows V.10.1.0.
This design had several observation points in order to identify differences
between the control and treatment groups throughout the semester. Since this
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design tried to test the interaction effects of the treatment and time, an ANOVA
could be a more appropriate and efficient way than conducting several t-tests.
However, when there are more than two observations within the same subjects, a
standard ANOVA is not appropriate for data analysis because the data violate
the ANOVA assumption of independence (ACITS, 1997). In this case, an
ANOVA with repeated measures could be a reasonable way to overcome the
violation. In this analysis, the univariate approach was used instead of the
multivariate approach, because the univariate approach can be more powerful
when sample sizes are small (ACITS, 1997). When the data violated Mauchly’s
test of sphericity, one of the assumptions for a univariate repeated measures
analysis (Stevens, 1992), the univariate test-statistic degrees of freedom were
adjusted and the correction factors based on the adjustment were used (ACITS,
1997). SPSS for Windows V.10.1.0 provided two different correction factors, the
Greenhouse-Geisser Epsilon and the Huynh-Feldt Epsilon. In this study the
Huynh-Feldt correction factor was used because it is known to be less
conservative than the Greenhouse-Geisser factor (ACITS, 1997).

Path 2: Qualitative Data Collection and Statistical Analysis of On-Line
Challenging Behaviors and Discussion Activities
In this part of the study, the students' on-line written interactions during
the discussion sessions were collected qualitatively. Then these data were coded
numerically by raters using a rubric. Once the qualitative data were transformed
into numbers, statistical techniques were employed to analyze these data.
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As shown in Table 3-7, a time-series control-group design was employed
in order to conduct this part of the study. There were two reasons for using this
design. First, many on-line students who had no experience with on-line distance
learning or who were faced with a new on-line interface such as Conet-C could
get frustrated at the beginning stage of the course. Learners' lack of fluency with
using the tool at the early stages could interfere with the effects of the on-line
guidance for generating effective challenges on discussion activities. Therefore,
for the first two discussion sessions, the students could gain a better
understanding of how to use the new tool, so the treatment was given to them
after the second discussion session to collect more valid data.

Table 3-7.
Time-Series Control-Group Design
R

O

O

OX

OX

O

R

O

O

O

O

O

Note. O indicates observations of the on-line written interactions in each discussion
session. OX indicates observations of the on-line written interactions in the treatments
groups during the third and fourth discussion sessions when the intervention was given.

Second, it was difficult to identify critical changes of challenging
behaviors or discussion activities and learning in a very short period of time.
Instead, those gains could appear through the semester gradually. Therefore, two
successive interventions in a total of five observations of discussion sessions
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could give more stable and reliable ways to measure gradual effects of the
intervention on discussion activities and learning in relation to the control group.

Instruments and Data Collections
Frequency counts of peer-generated challenges
During each on-line discussion session, all peer-generated challenges that
were responses to the initial answers or further reactions to initial answers to
peers’ questions were collected. These challenges were classified as one of three
types according to a challenge classification scheme as shown in Table 3-8. For
example, if the postings were asking for clarifications or elaborations on the
initial answers, then these were coded as the type I challenge. The postings
providing counter-arguments toward the initial answerers were coded as the
type II challenge, and the postings containing context- or perspective-oriented
questions were coded as the type III challenge. There were also postings that
could not be classified under any one of the three types of challenges, such as
providing additional information or comments for the initial answers instead of
asking questions or generating counter-arguments. These postings were coded as
other. Also, peer-generated postings that did not contain any sentences dealing
with the given topics were classified as off-task postings.
Inter-rater reliability was used in order to verify this classification of the
challenge types conducted by the researcher. Sixty-eight postings were randomly
selected from all peer-generated responses to the initial answers collected across
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the five discussion sessions. A senior doctoral student majoring in Instructional
Systems was trained and employed for classifying the 68 cases. Then the results
of the coding were compared to the results of the researcher’s coding. The two
judges agreed 73.53% of the time about the results of the classification.

Table 3-8
Rubric for Classifying the Types of Peer-Generated Challenges
Category

Definition

Indicator

Clarification

Peer-generated questions seeking

•

Dealing with partial errors

Questions

additional information from learners'

•

Asking for additional

initial answers for clarifying or

information

elaborating the learners’ ideas

•

Asking for elaboration

Counter-

Peer-generated opinions expressing

•

Dealing with major errors

Argumentation

disagreements on learners' initial

•

Expressing disagreements on a
major approach or concept

ideas

Context-

Peer-generated hypothetical

•

Changing given situations

/Perspective-

questions changing critical factors in

•

Mentioning new perspectives

oriented

given problem situations or

Questions

considering different perspectives on
the problems

Assessment of the clarity of the challenges
As defined earlier, the clarity of a challenge refers to how clearly peergenerated questions or disagreement points are described. Each challenge
generated by peers was collected and judged by the researcher according to a
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rubric for assessing the clarity of peer-generated challenges as shown in Table 39.
The rubric, shown in Table 3-9, was developed by the researcher and the
instructor following the generic guidelines of developing rubrics suggested by
Huba and Freed (2000): identifying the essential elements that must appear in
students’ work, determining different levels of achievement, and describing
performance or quality at each achievement level. Specifically, the rubric was
designed to determine the clarity of peer-generated challenges, placing them into
two levels of quality: a determination was made as to whether a challenge was
understandable, or whether it was unclear or irrelevant.
In order to verify the reliability of the assessment conducted by the
researcher, inter-rater reliability was used. Thirty-nine challenges were randomly
selected from the collected peer-generated challenges across the five discussion
sessions. The senior doctoral student majoring in Instructional Systems judged
the clarity of the given 39 cases of peer-generated challenges. Then the results
were compared to the original results conducted by the researcher. The two
raters agreed 97.44% of the time about the results of the assessment.

Table 3-9
Rubric for Assessing the Clarity of Peer-Generated Challenges
Score

Clarity of Challenge

0

•
•

The main point of questions/arguments is not clear.
The main point of questions/arguments is irrelevant.

1

•

The main point of questions/arguments is
understandable.
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Assessment of the clarity of the rationale for the peer-generated challenges
As defined before, the clarity of the rationale for the challenge refers to
how clearly rationales for challenges are justified. Each challenge generated by
peers was collected and judged by the researcher using the assessment rubric
shown in Table 3-10.
Like other rubrics, this rubric was also developed by the researcher and
the instructor following the generic guidelines of developing rubrics suggested
by Huba and Freed (2000): identifying essential elements that must be presented
in students’ works, determining different levels of achievement, and describing
performance or quality at each achievement level. In this rubric shown in Table
3-10, four different levels of quality in the clarity of the rationale of peergenerated challenges were identified. Evidences and examples indicating each
level of achievement are described.
In order to verify the reliability of the assessment conducted by the
researcher, inter-rater reliability was used. Thirty-nine cases were randomly
selected from the collected peer-generated challenges across the five discussion
sessions. The senior doctoral student majoring in Instructional Systems judged
the clarity of the rationale for the selected 39 challenges. Then the results of the
ratings from both the researcher and the other rater were correlated. The
correlation between the two raters, Spearman’s rho, was .541 (p=.000).
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Table 3-10
Rubric for Assessing the Clarify of the Rationale for Peer-Generated Challenges
Clarity of Rationale

Score

0

•
•

Example

Reasons for generating challenges are

•

No statements

not described.

•

You did a great job!

Unrelated explanation is provided

•

Excellent answer. My question is...

with challenges

1

•

•

A part of the background information

I'm glad that you covered the role of turf in

regarding an initial answer is

reducing toxic emissions from the air.

described, but no reason for

What type, and how much turf would it

generating questions is described.

take to effectively control toxic emissions

No clear connection between what

along roadsides, or airport runways?

was mentioned in the initial answer
as background information and
challenges generated
•

Lack of clarity, errors, or
disagreement points for the initial
answer are not described.

2

•

•

A part of the reason for generating

While you described various determinants

questions or counter-arguments is

of turf quality, you didn't cover any of the

described, but not clearly described or

factors that influence them. For example,

completed.

what would the effect of hollow-tine

Error or disagreement point is

cultivation be on the visual and functional

described without rationale, backing,

quality of a turf?

or examples from initial answers.

3

•

•

•

Elaborated explanation on the reason

I think you answer covered the functions

for generating questions or counter-

of turf in five different sites really well,

arguments

and the Rotary Club meeting was a great

Error or disagreement point is

place to push the "turf is environmentally

specified with complete rationale,

friendly" message across. While you

backing, or examples related to initial

concentrated on the functions of turf, the

answers

net benefit is that turf is good for the

Challenges and their rationales are

environment and society as a whole, so

connected very well.

would it be better if you used the word
“environment” more in your answer?
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Assessment of knowledge construction: Open-ended essay questions
In each session of on-line discussion, all of the small groups received the
same set of six different open-ended essay questions (see Appendix B). Then one
question among six was randomly assigned to each member within a small
group. Students generated answers to the assigned questions before the small
group discussion. After each discussion, students also generated final answers to
the questions.
The questions had been developed by the instructor, who had over 40
years experience in turfgrass management and 32 years in teaching related
courses at the graduate and undergraduate level. Then they were revised by the
instructor and the researcher in order to make sure that the questions were
requiring students’ higher-order thinking skills such as applying rules,
analyzing, synthesizing, evaluating, and problem-solving (Bloom, Englehart,
Furst, Hill, & Krathwohl, 1956; Gagné & Medsker, 1996).
The students' initial and final answers were judged by two raters
according to assessment rubrics developed by the researcher and the instructor.
Following generic guidelines for the development of the assessment rubric
(Huba & Freed, 2000; Nitko, 1999), the developers identified essential elements
that need to be shown in the students’ answers, identified four different levels of
achievement, described the quality of answers in each level, and developed
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scoring systems. One example of the rubrics is presented in Table 3-11. (see
Appendix C for all 30 rubrics for open-ended question assessments).
The students' initial and final answers were judged by two raters, the
instructor and a graduate student majoring in turfgrass management, according
to the assessment rubrics. The average scores generated by the two raters on each
student’s answer were used for data analysis.
Inter-rater reliability of each open-ended essay item was computed in
order to verify the reliability of this knowledge-construction assessment. The
results of the inter-rater reliability (Pearson’s r) for the all items are summarized
in Table 3-12. Most of the items showed high levels of inter-rater reliability.
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Table 3-11
Rubric for Performance Assessment of Writing Answers to Open-Ended Essay
Questions: Discussion #1 and Questions #1
Discussion #1 and Questions #1
At a local Rotary Club meeting, a member seated at your table makes the following statement:
"Turf is of no real importance, and modern society could get along just fine without it." Aware of
your expertise in the subject, the others seated at your table direct their attention to you. One
asks: "Do you agree with what he just said?" In your response, list five sites within or adjacent to
the city where turf is important, and explain why it is important in each of the five sites.

Aspects
of answer

Identifying
five sites

Justifying
importance
of turfs

Items

Incorrectly
mentioned

mentioned

Lawn turfs
(residential)
Lawn turfs
(industrial)
Sports turfs
(golf courses)
Sports turfs
(athletic fields)
Utility turfs
roadsides
Soil stabilization
(utility turfs)
Operational safety
(roadways or
airports)
Soil stabilization
(lawn turfs)
Pedestrian safety
(lawn turfs)
Environmental
beautification
(commercial turf)
Soil stabilization
(sports turfs)
Player safety
(sports turfs)
Environmental
beautification
(sports turfs)
Playability
(sports turfs)

-1

0

+1

Elaborated
explanation,
including examples
or linking scientific
knowledge for
rationale
+2

-1

0

+1

+2

-1

0

+1

+2

-1

0

+1

+2

-1

0

+1

+2

-1

0

+1

+2

-1

0

+1

+2

-1

0

+1

+2

-1

0

+1

+2

-1

0

+1

+2

-1

0

+1

+2

-1

0

+1

+2

-1

0

+1

+2

-1

0

+1

+2

Not

Mentioned
correctly, no
elaboration
provided
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Table 3-12
Inter-Rater Reliability of the Open-Ended Essay Questions
Question
Number

Initial Answer
Pearson’s r

Final Answer
N

Pearson’s r

N

The First Discussion
P1-Q1
P1-Q2
P1-Q3
P1-Q4
P1-Q5
P1-Q6
Overall

.916**
.960**
.890*
.866**
.881**
.983**
.809**

P2-Q1
P2-Q2
P2-Q3
P2-Q4
P2-Q5
P2-Q6
Overall

.589
.687
.955**
.700
.832*
.575
.685**

P3-Q1
P3-Q2
P3-Q3
P3-Q4
P3-Q5
P3-Q6
Overall

.914**
.581
.944**
.957**
.906*
.952**
.748**

P4-Q1
P4-Q2
P4-Q3
P4-Q4
P4-Q5
P4-Q6
Overall

.931*
.737*
.867*
.761*
.430
.620
.597**

7
7
6
10
9
6
45

.895**
.977**
.927**
.767**
.860**
.839*
.794**

7
7
6
10
9
6
45

The Second Discussion
10
6
6
7
7
9
45

.462
.781
.908*
.029
.298
.322
.604**

10
6
6
7
6
9
44

.830**
.469
.914**
.956**
.831
.835*
.686**

9
10
7
6
5
7
44

.381
.584
.587
.518
-.051
.602
.404**

5
9
7
7
9
5
42

.417
.763*
.622
.947
.634
.591
.707**

4
9
7
4
9
6
39

The Third Discussion
9
10
7
6
5
6
43

The Fourth Discussion
5
9
6
7
9
5
41

The Fifth Discussion
P5-Q1
P5-Q2
P5-Q3
P5-Q4
P5-Q5
P5-Q6
Overall
*p < .05. **p < .01.

.327
.901**
.686
.912
.937**
.739
.834**

4
9
7
4
9
6
39
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Frequency counts of discussion activities
In order to find the effects of using the on-line guidance for generating
effective peer-challenges on discussion activities, the number of postings, the
number of issues, and the number of off-task postings were counted by a trained
graduate student. Each posting contained not only opinions but also the
information of author, title, and time posted. So it was obvious to identify
individual postings and to count them. One session of threaded responses were
regarded as one issue. It was also unequivocal to identify individual issues and
to count them. Off-task postings were also coded previously when the types of
challenges were coded, with the two raters agreeing about the coding 73.53% of
the time (see the previous section of frequency counts of peer-generated
challenges in this chapter).

Overall Analysis Techniques for Path 2
A multiple repeated measures ANOVA with between-subjects factors
All data collected from this path were converted numerically. The
converted numerical data were analyzed by SPSS for Windows V.10.1.0.
Although different instruments were used to collect various dependent
variables in this path, the same data analysis technique, a multiple repeated
measures ANOVA with between-subjects factors, was used in this time-series
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control-group design. As shown in Table 3-7, the measurements of the
independent variables between the two groups were repeated five times. In this
case, a standard ANOVA was not appropriate for this study because the data
violated the assumption of independence between observations (ACITS, 1997).
Therefore, a multiple repeated measures ANOVA with between-subjects factors
was an appropriate technique in this situation. In this analysis, the univariate
approach was used instead of the multivariate approach because the univariate
approach can be more powerful when sample sizes are small (ACITS, 1997).
When the data violated Mauchly’s test of sphericity, one of the assumptions for a
univariate repeated measures analysis (Stevens, 1992), the univariate test-statistic
degrees of freedom were adjusted and the correction factors based on the
adjustment were used. The SPSS provided two different correction factors, the
Greenhouse-Geisser Epsilon and the Huynh-Feldt Epsilon. In this study, the
Huynh-Feldt correction factor was used because it is less conservative than the
Greenhouse-Geisser factor (ACITS, 1997).

Correlation between challenging and discussion activities and learning
outcomes
In order to answer research question 5, the numerical data gained through
Paths 1 and 2 were used. In the analysis, Pearson’s r was employed in order to
identify relationships between challenging and discussion activities and learning
outcomes.
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Challenging activities referred to the frequency of each type of challenge,
the clarity of the challenges, and the clarity of the rationale for the challenges.
Discussion activities were represented by the frequency of peer-interactions, the
number of threaded responses, and the frequency of off-task discussions.
Learning outcomes were regarded as students' scores in the memory and
comprehension tests and the gain scores of answers to the open-ended questions
(see also the section discussing the research question 5 in Chapter 4)

Path 3: Qualitative Data Collection and Content Analysis of Students'
Perceptions about Their Experience
In Path 3, data were collected and analyzed qualitatively in order to
explore how this guidance was actually used and perceived by the users. In what
way does this guidance help learners to generate effective challenges or answers?
Were there any difficulties in using this on-line guidance?

Data Collection and Instruments
For the collection of data, a survey and an in-depth interview were used
after the intervention.
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Survey
The purpose of the survey was to obtain students' feedback on both their
use of the on-line guidance for effective peer-challenges and any obstacles they
encountered during on-line discussion. The survey was designed to identify how
often the experimental group students used the on-line guidance, how the use of
the guidelines helped or hindered their on-line discussion, and how both control
and experimental groups of students prepared their answers, challenges, and
feedback (see Appendix D for the survey).
All of the students received this survey through e-mail after the
intervention asking them to answer the questions provided. After completing the
survey, the students submitted their completed answers through e-mail, FAX, or
regular mail. Fourteen students out of 39 submitted the finished survey.

In-depth telephone interview
The purpose of the in-depth telephone interview was (1) to explore the
perceptions of students regarding their experience of using the on-line guidance
and the on-line discussion environment, (2) to identify obstacles hindering
learners' challenging and answering procedures on-line, (3) to find out how the
on-line guidance helped learners with the challenge and response cycle and how
the interaction facilitated their learning.
The interview was conducted over the telephone because the students
lived in different places across the United States. For this in-depth interview, a
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semi-structured questionnaire including approximately six major questions, such
as how did you generate questions to peers, did you have any difficulty when
you tried to answer your peers’ questions and so on, was used (see Appendix E).
The interview included a walk-through in order to understand the thinking
processes behind the participants’ behaviors in their on-line interactions. The
participants were provided with specific excerpts from transcripts of their on-line
discussions. Then they were asked to talk about what they were thinking and
doing at each step of the on-line interaction. Each interview usually lasted 30
minutes.
In order to increase the credibility of the results (Patton, 1990), a
purposeful random sampling technique was used. Since all of the students
participated in one of the small groups during the semester, the atmosphere of
the groups might differ from each other and this might affect a student’s
experience with the on-line discussions differently. In order to prevent a specific
group’s influence on the results, four or five students were selected from
different small groups in the experimental group and a few of students from
different small groups in the control group. Due to the low rate of students’
responses and to conflicts with the volunteers’ schedule, only three students
from three different small groups in the experimental group and one student
from the control group were interviewed during the last two weeks of the
semester.

Analysis Techniques
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The survey document and the audio transcripts of the in-depth interviews
were analyzed by employing generic qualitative data analysis procedures, such
as reviewing all of the data collected, writing up the findings as reflective
memos, and summarizing the findings (Creswell, 1998).

Overall Procedure

During the first week of the semester, the purpose of the study was
explained to all students. Their consent was collected through the Internet.
Participants were randomly assigned to a five- or six-member group. Then each
small group was randomly assigned to one of two different groups. The same set
of six questions was assigned to each group in each discussion session. Then a
different question from the set of six questions was randomly assigned to each
member in each small group. So each of the students had ownership of one
question differing from the other members in their group for each discussion
session.
The students in each group were requested to answer their assigned
questions and post their answers within a week, so the initial answers were
available for all of the small group members to review. Each student was also
expected to review the initial answers posted by their peers in the group. Then
each student was supposed to ask questions or to provide different opinions at
least two times to any member in his or her group in each discussion session. At
the same time, each student was expected to answer their peers' questions or
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counter opinions about his or her initial answer. After completing the on-line
discussion during a one-week period, each student in each group was asked to
revise his or her initial answer and to submit the final answer for the assigned
question to the instructor. These discussion activities and the students' final
answers during the five discussion sessions comprised 50% of their final grade.
Throughout the semester, students participated in five discussion sessions
(see Table 3-3 for course events and schedule). Each session took three weeks.
Students had one week to post their initial answer, then during the following
week they had a discussion. Within a week after completing the discussion, they
submitted their final answer to the instructor. The last week of each discussion
session overlapped with the first week of the following session. In other words,
the new session of each discussion started when they began to write their final
answer for the questions of the current session.
During the first two discussion sessions, the identical discussion
environment was provided to the both control and experimental groups. After
finishing the second discussion session, all of the students took a multiple-choice
test in their local area administered by local librarians. During the third and
fourth discussion sessions, the guidance for effective peer-challenges was
presented to the treatment group through the on-line discussion tool (Conet-C).
After finishing the fourth discussion session, another multiple-choice test was
administered in the same manner as the first test was conducted. During the last
discussion, the on-line guidance was removed from the treatment group, so both
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groups had the same interface in their discussion. After the last discussion, the
last multiple-choice test was administered.
During each discussion session, the students' on-line verbal interactions
and their answering process (the initial and the final version) were recorded in a
database in a computer for later analysis.
Right after the second mid-term exam (the posttest), an on-line survey was
distributed to all of the participants through e-mail and collected at the end of
the semester. In addition, the in-depth telephone interviews were conducted
right after the fifth discussion session and before the final exam. This was about a
two-week period of time.
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Validity and Trustworthiness

Since the intervention took place with an on-line class during a period of
four weeks, there were possibilities that the intervention might be diffused to the
control group through on-line or other communication media among the
students. In order to prevent this experimental treatment diffusion (Gall et al.,
1996), when the students in the treatment group had further questions or
problems with the on-line guidance, they were requested to communicate with
the instructor through private mail systems or specified bulletin board systems
where only the group members could communicate. In addition, Conet-C
provided different interfaces according to users' ID and passwords. Therefore, it
was not possible that students in the control group could access the intervention
unless students in the treatment group shared their IDs and passwords with the
control group.
The rubrics of the knowledge-construction assessments (open-ended
questions) were developed by the researcher and the instructor, a domain expert
who had more than 40 years field experience in turfgrass management and 32
years teaching experience in related courses at graduate and undergraduate
levels. A graduate student majoring in turfgrass management was recruited and
trained as a judge. The instructor and the graduate student independently
judged all of the students’ essays. All of the answer sheets were randomly reordered across control and experimental groups. Participants' names were
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blinded. As described in the previous sections, reasonable inter-rater reliabilities
were obtained across the 30 rubrics.
In order to verify the data coding, such as the challenge type, the clarity of
the challenge, and the rationale for the challenge, samples of the data were
randomly selected and re-coded by a senior doctoral student majoring in
Instructional Systems. As described in the previous sections, reasonable
correlations between the researcher's coding and the reviewer's coding were
obtained.

Chapter 4
RESULTS

Research Question 1: Effects on On-Line Challenging Behaviors

Question 1: Does the use of on-line guidance for generating effective peerchallenges affect students' on-line challenging behaviors--such as the types of
challenges generated, the clarity of these challenges, and the clarity of the
rationale for the challenges--during small group on-line discussion?

Effects on the Frequency of Challenges
Hypothesis 1.1: The frequency of clarification/elaboration questions,
counter-arguments, and context-/perspective-oriented questions generated by
students receiving on-line peer-challenge guidance during small group on-line
discussion will be greater than the frequency of the three types of challenges,
generated by the students who do not receive the on-line guidance respectively.
In order to test the hypothesis, all peer-generated postings that were
responding to the initial answerers were collected throughout the five discussion
sessions. Then the postings were classified as one of the three types of challenges
depending on the contents of the postings. For example, if the postings were
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asking for clarifications or elaborations on the initial answers, then these were
coded as the type I challenge. The postings providing counter-arguments in
response to the initial answerers were coded as the type II challenge, and the
postings containing context- or perspective-oriented questions were coded as the
type III challenge. There were also postings that could not be classified under
any one of these three types of challenges; for example, ones which provided
additional information or comments for the initial answers instead of asking
questions or generating counter-arguments. These postings were coded as other.
After coding all of the postings, the frequency of each type of challenge
and of the other postings was counted from each of the five discussion sessions
respectively. Descriptive statistics for the frequency of different types of
challenges in each discussion session are summarized in Table 4-1. Among the
three types of challenges, the type I challenge (clarification or elaboration
questions) was the most dominant challenge generated by peers over the type II
(counter-arguments) and type III (context- or perspective-oriented questions)
throughout the five discussion sessions. Although the frequency of other postings
was counted and reported in Table 4-1 in order to provide an overview of the
data set, these are not included for further statistical analysis in this research
because they were not intended to test the hypothesis.
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Table 4-1
Descriptive Statistics for the Frequency of Three Types of Challenges
Mean
(Std. Deviation)

Type I
Challenge

Type II

Type III

Challenge

Challenge

(Counterargument)

(Context-/perspective-oriented
question)

.15
(.37)
.05
(.23)
.10
(.31)

Total

Challenge

Othera
Posting

.4000
(.82)
.21
(.42)
.31
(.66)

4.60
(2.84)
3.11
(3.49)
3.87
(3.22)

2.00
(2.03)
1.42
(1.71)
1.72
(.88)

6.60
(3.84)
4.53
(3.08)
5.59
(3.60)

.15
(.49)
.00
(.00)
.08
(.35)

.80
(1.40)
.26
(.56)
.54
(1.10)

4.55
(2.86)
4.32
(2.71)
4.44
(2.75)

.65
(.99)
1.00
(1.25)
.82
(1.12)

5.20
(2.84)
5.32
(2.43)
5.26
(2.61)

.05
(.22)
.16
(.37)
.10
(.31)

.50
(.69)
.37
(.60)
.44
(.64)

3.90
(2.85)
4.89
(2.83)
4.38
(2.84)

.70
(.92)
1.26
(1.24)
.97
(1.11)

4.60
(2.98)
6.16
(2.39)
5.36
(2.79)

.10
(.31)
.11
(.32)
.10
(.31)

.20
(.89)
.52
(1.50)
.36
(1.22)

4.00
(3.52)
5.16
(3.52)
4.56
(3.52)

1.20
(1.15)
.84
(1.34)
1.03
(1.25)

5.20
(3.46)
6.00
(3.32)
5.59
(3.37)

.50
(.69)
.11
Treatment 19
(.32)
.31
39
Total
(.57)
Note. aOther posting indicates comments or additional information instead of questions.

4.05
(2.87)
5.32
(3.16)
4.67
(3.05)

Groups

N

(Clarification
/elaboration
question)

First Discussion Session
20
4.05
Control
Treatment

19

Total

39

(2.63)
2.84
(3.35)
3.46
(3.02)

Second Discussion Session
20
3.60
Control
Treatment

19

Total

39

(2.60)
4.05
(2.41)
3.82
(2.49)

Third Discussion Session
20
3.35
Control
Treatment

19

Total

39

(2.74)
4.37
(2.73)
3.85
(2.75)

Fourth Discussion Session
20
3.70
Control
Treatment

19

Total

39

(2.92)
4.53
(2.86)
4.10
(2.88)

Fifth Discussion Session
20
3.10
Control

(2.59)
4.79
(3.05)
3.92
(2.91)

.10
(.31)
.16
(.37)
.13
(.34)

.35
(.67)
.26
(.45)
.31
(.57)

Total

3.55
(3.00)
5.21
(3.21)
4.36
(3.17)
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Since there were five discussion sessions within the same subjects and two
groups with different conditions, a multiple repeated measures (5 discussion
sessions) ANOVA with between-subjects factors (2 groups) for the frequency of
the three types of challenges was conducted. Specifically, the results for withinsubjects by between-subjects interaction effects (interactions for time by group effects
and time by challenge by group effects) were considered to test the hypothesis.
The results of the ANOVA for the frequency of the three types of challenges are
summarized in Table 4-2.
The results revealed a significant effect for the time and group interaction,
F(4, 148) = 2.465, p < .05, indicating that there were statistically significant
differences between the two groups in the total frequency of peer-generated
challenges throughout the discussion sessions (see Figure 4-1). There was also a
marginal three-way interaction among the time, challenge, and group, F(8, 296) =
1.702, p < .10, indicating that there might be differences between the two groups
in the frequency of each of the three types of challenges throughout the
discussion sessions at a level of 90% confidence. In addition, the results showed a
significant main effect for the challenge types, F(2, 74) = 157.996, p < .000,
indicating that there was a statistically significant difference among the
frequency of each type of challenge generated.
In order to identify specific time points that were attributable to the
significant interaction effect for the time and group, a follow-up analysis was
conducted. In the follow-up analysis, only type I challenge data were analyzed,
because the frequency of type I challenges was considerably larger than the
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frequency of type II and III challenges, F(2, 74) = 157.996, p < .000. Practically, the
few observations of type II and III challenges may preclude further meaningful
analysis.

Table 4-2
Summary of Multiple Repeated Measures ANOVA with Between-Subjects
Factors for the Frequency of Three Types of Challenges
Source

Sum of
Squares

df

Mean
Square

F

p

Observed
Power

Within Subjects
Timea

3.995

4

.999

.466

.761

.158

21.137

4

5.284

2.465

.048

.693

317.229

148

2.143

1684.765

2

842.383

157.996

.000

1.000

12.984

2

6.492

1.218

.302

.258

394.544

74

5.332

6.903

8

.863

.409

.915

.192

Time X Challenge X Group

28.735

8

.592

1.702

.097

.738

Error (Time X Questions)

624.796

296

2.111

Time X Group
Error (Time)
Challengeb
Challenge X Group
Error (Change)
Time X Challenge

Between Subjects
Intercept
Group
Error

1216.989

1

1216.989

164.702

.000

1.000

2.822

1

2.822

.382

.540

.092

273.394

37

7.389

Note. aTime indicates the five discussion sessions. bChallenge indicates the three
different types of challenge.
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The Total Frequency of the Three Types of
Peer-Generated Challenges

5.5

5

4.5
Treatment
Control

4

3.5

3

2.5
1

2

3

4

5

Time (Discussion Session)

Figure 4-1. The total frequency of the three types of peer-generated challenges
between two groups across five discussion sessions.

In the follow-up analysis, t-tests were employed to compare the number
of type I challenges (clarification or elaboration questions) between the two
groups at each discussion session. The results showed that there were no
significant differences in the frequency of type I challenge between the two
groups in the third (t = -1.162, p = .235) and fourth (t = -893, p = .378) discussion
sessions when the treatment was given, and the fifth discussion session (t = 1.868, p = .070) when the treatment was removed. Also, there were no significant
differences in the frequency of type I challenges in the first (t = 1.256, p = .217)
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and second (t = -.562, p = .577) discussion sessions (the pre-observation sessions)
when no treatment was given to either group. The results of this follow-up
analysis imply that, although there was a significant difference between the two
groups throughout the five discussion sessions, there were no specific time
points that showed an effect of the on-line guidance on the frequency of type I
challenges. Rather, the on-line guidance seems to affect the frequency of
challenges gradually over the third, fourth, and fifth successive discussion
sessions (see Figure 4-1).

Effects on the Clarity of Challenges
Hypothesis.1.2: The clarity of challenge scores for students receiving online guidance for generating peer-challenges during small group on-line
discussion will be greater than the scores for students who do not receive the online guidance.
As described in the previous section, there were few observations of type
II and III challenges throughout the five discussion sessions. Therefore, the
clarity scores of only type I challenges (clarification or elaboration questions)
were included in this statistical analysis. Descriptive statistics for the clarity
scores of type I challenges between the two groups across five discussion
sessions are presented in Table 4-3. The possible range of the clarity scores was
from zero to one.
As employed in the preceding section, a multiple repeated measures (5
discussion sessions) ANOVA with between-subjects factors (2 groups) for the
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clarity scores of type I challenges was conducted because there were five
discussion sessions within the same subjects and two groups with different
conditions. Likewise, the result for within-subjects by between-subjects interaction
effects (an interaction for time by group effect) was considered to test the
hypothesis. The results of the ANOVA are summarized in Table 4-4.

Table 4-3
Descriptive Statistics for the Clarity Score of Type I Challenges
Observation Point
First
Discussion Session
Second
Discussion Session
Third
Discussion Session
Fourth
Discussion Session
Fifth
Discussion Session

Group

N

Mean

Std.
Deviation

Control
Treatment
Total
Control
Treatment
Total
Control
Treatment
Total
Control
Treatment
Total
Control
Treatment
Total

11
9
20
11
9
20
11
9
20
11
9
20
11
9
20

.96
.89
.93
1.00
1.00
1.00
1.00
1.00
1.00
.98
1.00
.99
1.00
.98
.99

.11
.33
.23
.00
.00
.00
.00
.00
.00
.06
.00
.04
.00
.05
.03

Note. The highest possible score of the clarity was 1.

As shown in Table 4-4, there was no significant effect for the time and
group interaction, F(4, 72) = .452, p = .771, indicating there were statistically no
significant differences between the two groups in the clarity scores of type I
challenges throughout the five discussion sessions.
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Table 4-4
Summary of Multiple Repeated Measures ANOVA with Between-Subjects
Factors for the Clarity Scores of Type I Challenges
Sum of
Squares

Source

Mean
Square

df

F

p

Observed
Power

Within Subjects
Timea

8.573E-02

4

2.143E-02

1.809

.137

.525

Time X Groupb

2.140E-02

4

5.351E-03

.452

.771

.150

.853

72

1.185E-02

Error (Time)

Between Subjects
Intercept
Group
Error

95.304

1

95.304

8532.659

.000

1.000

4.249E-03

1

4.249E-03

.380

.545

.090

.201

18

1.117E-02

Note. aTime indicates the five discussion sessions. bGroup indicates the control
and treatment groups.

Effects on the Clarity of the Rationale for Challenges
Hypothesis 1.3: The clarity scores of the rationales for the challenges
generated by students receiving on-line guidance for generating effective peerchallenges during small group discussion will be greater than the scores for
students who do not receive the on-line guidance.
As described in the previous section, since there were few observations of
type II and III challenges throughout the five discussion sessions, the clarity of
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the rationale scores for type I challenges (clarification or elaboration questions)
only were analyzed. Likewise, a multiple repeated measures (5 discussion
sessions) ANOVA with between-subjects factors (2 groups) for the clarity of
rationale scores for type I challenges was conducted. Also, the result for withinsubjects by between-subjects interaction effects (an interaction for time by group
effect) was considered to test the hypothesis.
Descriptive statistics on the clarity of the rationale scores for type I
challenges between the two groups across five discussion sessions are presented
in Table 4-5.

Table 4-5
Descriptive Statistics for the Rationale Scores for Type I Challenges
Observation Points
First
Discussion Session
Second
Discussion Session
Third
Discussion Session
Fourth
Discussion Session
Fifth
Discussion Session

Groups

N

Mean

Control
Treatment
Total
Control
Treatment
Total
Control
Treatment
Total
Control
Treatment
Total
Control
Treatment
Total

11
9
20
11
9
20
11
9
20
11
9
20
11
9
20

.22
.15
.19
.24
.16
.20
.26
.16
.21
.21
.15
.18
.38
.06
.23

Std.
Deviation
.34
.34
.33
.40
.24
.33
.46
.24
.37
.32
.23
.27
.33
.09
.29
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As shown in Table 4-5, the average scores of the rationale between the two
groups across the five discussion sessions were very low, less than .40 out of 3.0
possible points. According to the results of the ANOVA as shown in Table 4-6,
there was no significant effect for the time and group interaction, F(4, 72) = .703,
p = .593, indicating that there were statistically no significant differences between
the two groups in the clarity of the rationale for type I challenges throughout the
five discussion sessions.

Table 4-6
Summary of Multiple Repeated Measures ANOVA with Between-Subjects
Factors for the Rationale Scores for Type I Challenges
Source

Sum of
Squares

Mean
Square

df

F

p

Observed
Power

Within Subjects
Timea
Time X Groupb
Error (Time)

2.103E-02

4

5.257E-03

.062

.993

.062

.239

4

5.975E-02

.703

.593

.217

6.120

72

8.501E-02

Between Subjects
Intercept

3.848

1

3.848

22.271

.000

.994

Group

.403

1

.403

2.335

.144

.304

Error

3.110

18

.173

Note. aTime indicates the five discussion sessions. bGroup indicates the control
and treatment groups.
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Research Question 2: Effects on Memory and Comprehension Tests

Research Question 2: Does the use of on-line guidance for generating
effective peer-challenges during small group on-line discussion affect students'
performance in memory and comprehension tests?

Effects on the Memory and Comprehension Tests
Hypothesis 2.1: Students receiving on-line guidance for generating
effective peer-challenges during small group on-line discussion will show higher
scores on a multiple-choice posttest for memory and comprehension than
students who do not receive the guidance.
Hypothesis 2.2: Students receiving on-line guidance for generating
effective peer-challenges during small group on-line discussion will show higher
scores on a multiple-choice delayed test for memory and comprehension than
students who do not receive the guidance.
Hypothesis 2.3: Students receiving on-line guidance for generating
effective peer-challenges during small group on-line discussion will show higher
scores on a multiple-choice transfer test for memory and comprehension than
students who do not receive the guidance.
As described in Chapter 3, a multiple-choice pretest designed to measure
students’ memory and comprehension was employed after the second discussion
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session. The pretest covered the content that the students studied during the first
two discussion sessions when no treatment was given to the two groups. In the
same manner, a multiple-choice posttest was employed after the fourth
discussion session. The posttest covered the content that the students studied
during the third and fourth discussion sessions when the treatment was given to
the experimental group only during discussion. After the fifth discussion, a
delayed-test that covered the contents that the students studied in the third and
forth discussions was employed. At the same time, a transfer-test was employed
that covered the contents studied during the fifth discussion session when the
treatment was removed.
Descriptive statistics on the memory and comprehension tests of the two
groups in each observation are summarized in Table 4-7. As shown in Table 4-7,
all test items in each observation were classified under four different categories:
memory on terms, memory on facts, memory on methods, and comprehension.
The percentage of the correct items among the total items was used as the scores.
Since there were more than two observations within the same subjects and
two groups with different conditions, a control and a treatment group, a multiple
repeated measures (4 times) ANOVA with between-subjects factors (2 groups)
was employed. Specifically, the results for within-subjects by between-subjects
interaction effects (interactions for time by group effects and time by learning by
group effects) were considered in order to test the hypotheses.

113
Table 4-7
Descriptive Statistics for the Scores of Memory and Comprehension Tests
Mean
(Std. Deviation)

Observation Point

Different Aspect of Memory and
Comprehension Test

Pretest (after the 2nd discussion)
Group

N

(N. of items)

Control

19

Treatment

17

Total

36

Terma

Factb

Methodc

Comp.d

Total

(16)
78.62
(15.49)
76.84
(10.54)
77.78
(13.23)

(24)
68.42
(13.63)
69.36
(13.17)
68.87
(13.23)

(1)
94.74
(22.94)
76.47
(43.72)
86.11
(35.07)

(5)
77.89
(16.19)
63.53
(21.49)
71.11
(19.97)

(46)
73.57
(12.81)
71.48
(10.48)
72.58
(11.65)

Terma

Factb

Methodc

Comp.d

Total

(6)
88.60
(14.75)
89.22
(13.10)
88.89
(13.80)

(22)
73.21
(16.59)
72.99
(13.68)
73.11
(15.07)

(9)
76.61
(16.10)
68.63
(13.74)
72.84
(15.36)

(9)
77.78
(13.35)
68.63
(14.29)
73.46
(14.37)

(46)
76.77
(12.88)
73.40
(10.47)
75.18
(11.76)

Terma

Factb

Methodc

Comp.d

Total

(5)
95.79
(10.71)
94.12
(13.72)
95.00
(12.07)

(12)
69.74
(20.64)
66.67
(17.43)
68.29
(18.98)

(2)
71.05
(30.35)
55.88
(24.25)
63.89
(28.31)

(7)
74.44
(15.49)
73.11
(18.13)
73.81
(16.55)

(26)
76.11
(13.48)
72.85
(13.43)
74.57
(13.36)

Terma

Factb

Methodc

Comp.d

Total

(1)
63.16
(49.56)
44.06
(51.45)
55.56
(50.40)

(7)
78.95
(20.96)
73.95
(20.97)
76.59
(20.82)

(6)
64.04
(32.04)
71.57
(21.05)
67.59
(27.30)

(30)
61.75
(18.93)
58.82
(17.75)
60.37
(18.18)

(44)
64.83
(19.38)
62.70
(16.61)
63.83
(17.90)

Posttest (after the 4th discussion)
Group

N

(N. of items)

Control

19

Treatment

17

Total

36

Delayed-test (after the 5th discussion)
Group

N

(N. of items)

Control

19

Treatment

17

Total

36

Transfer test (after the 5th discussion)
Group

N

(N. of items)

Control

19

Treatment

17

Total

36

Note. aTerm indicates memory on terms. bFact indicates memory on facts. cMethod
indicates memory on methods. dComp. indicates comprehension.
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The results of the ANOVA for the scores of the memory and
comprehension tests are provided in Table 4-8. The results showed that there
were statistically no significant effects for the time and group interaction, F(2.150,
73.097) = .286, p = .768, and the time, learning, and group interaction, F(4.232,
143.883) = 1.757, p = .137. This indicates that there were no significant differences
between the two groups in the performance of memory and comprehension tests
across the pre-, post-, delayed, and transfer tests. In other words, the treatments
did not affect students’ performance in the memory and comprehension tests
throughout time. According to a graphical comparison between the two groups
in the scores across the different observation points, as shown in Figure 4-2, the
total scores of each group drew similar curves across time which confirms no
interaction between time and group.
Although there were three significant effects at p < .01, the time (pre-,
post-, delayed-, and transfer tests) main effect, F(2.150, 73.097) = 8.914, p = .000,
the learning (term, fact, method, and comprehension) main effect, F(2.357, 80.151)
= 5.303, p = .005, and the time and learning interaction, F(4.232, 143.883) = 10.639,
p = .000, these were not intended to test the hypotheses. The time main effect
might be due to different difficulty levels among the four tests. Similarly, the
learning effect might be due to different item difficulties in each sub-category of
the memory and comprehension tests. Finally, the time and learning interaction
effect might be due to the combination of different difficulty levels among the
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tests and sub-categories. Therefore, none of these could be considered for
supporting the hypotheses.
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Table 4-8
Summary of Multiple Repeated Measures ANOVA with Between-Subjects
Factors for the Scores of Memory and Comprehension Tests
Source

Sum of
Squares

Mean
Square

df

F

p

Observed
Power

Within Subjects
a

Time

13326.190

2.150

6198.461

8.914

.000

.975

426.857

2.150

198.545

.286

.768

.095

Error (Time)

5.827.489

73.097

695.341

Learning b

7533.122

2.357

3195.550

5.303

.005

.867

894.889

2.357

379.612

.630

.561

.161

Error (Learning)

48300.603

80.151

602.621

Time X Learning

35596.507

4.232

8411.543

10.639

.000

1.000

5877.153

4.232

1388.786

1.757

.137

.542

113755.025

143.883

790.606

Time X Group

Learning X Group

Time X Learning X Group

Error (Time X Learning)

Between Subjects
Intercept
Group
Error

3074749.955

1

3074749.955

1451.545

.000

1.000

4335.288

1

4335.288

2.047

.162

.285

72020.864

34

2118.261

Note. aTime indicates different observation points, pretest, posttest, delayed-test,
and transfer test. bLearning indicates sub-components of the memory and
comprehension test, such as memory on terms, memory on facts, memory on
methods, and comprehension. The adjusted univariate results by using HuynhFeldt correction factor were reported in this table due to a violation of the
sphericity assumption on the within-subject factors (see also chapter 3).

The Total Score of the Memory and
Comprehension Test (%)
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80
75
70
Treatment
Control
65
60
55
Pretest

Post-test

Delayed-test

Transfer test

Time

Figure 4-2. The total scores of the memory and comprehension test in each
observation.
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Research Question 3: Effects on Performance of Open-Ended Essay Questions

Question 3: Does the use of on-line guidance for generating effective peerchallenges affect changes in students' knowledge during small group on-line
discussion?

Effects on Knowledge Changes in Open-Ended Essay Tests
Hypothesis 3.1: Students receiving on-line guidance for generating
effective peer-challenges will show significantly higher gain scores (changes
from initial to final scores) on open-ended essay questions during small group
on-line discussion than students who do not receive the guidance.
In order to test the hypothesis, all initial and final answers on open-ended
essay questions from the five discussion sessions were collected and scored
between 0 and 20 points. As employed in the previous sections, a multiple
repeated measures (5 discussion sessions) ANOVA with between-subjects factors
(2 groups) for the answer scores (initial and final scores) was conducted.
Specifically, the results of within-subjects by between-subjects interaction effects
(interactions for time by group effects, change by group, and time by change by
group effects) were considered to test the hypothesis.
Descriptive statistics for the scores of the initial and final answers between the
two groups across the five discussion sessions are summarized in Table 4-9.

119
Based on the data in Table 4-9, a graphical comparison between the two groups’
scores regarding open-ended essay questions across the five discussion sessions
is presented in Figure 4-3. As shown in Figure 4-3, the treatment group had
slightly higher scores than control groups in the third and the fourth discussions,
when the on-line guidance was given to the treatment groups only.
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Table 4-9
Descriptive Statistics for the Scores of Open-Ended Essay Questions
Observation Point

Group

Mean

Std.
Deviation

N

9.32
7.52
8.44
10.75
10.18
10.47

5.35
5.73
5.54
4.92
5.31
5.05

19
20
39
19
20
39

Control
Treatment
Total
Control
Treatment
Total

10.17
9.28
9.73
12.51
12.49
12.50

4.57
4.77
4.63
3.49
4.48
3.95

19
20
39
19
20
39

Control
Treatment
Total
Control
Treatment
Total

7.73
9.40
8.54
8.82
10.59
9.68

4.41
5.45
4.95
3.86
5.22
4.60

19
20
39
19
20
39

Control
Treatment
Total
Control
Treatment
Total

9.92
11.42
10.65
11.92
13.17
12.53

5.77
5.15
5.46
4.96
3.88
4.45

19
20
39
19
20
39

Control
Treatment
Total
Control
Treatment
Total

9.33
9.78
9.55
11.41
10.63
11.03

3.33
3.67
3.46
2.73
3.29
3.00

19
20
39
19
20
39

First Discussion Session
Initial Answer
Final Answer

Control
Treatment
Total
Control
Treatment
Total

Second Discussion Session
Initial Answer
Final Answer

Third Discussion Session
Initial Answer
Final Answer

Fourth Discussion Session
Initial Answer
Final Answer

Fifth Discussion Session
Initial Answer
Final Answer
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The Score of the Open-ended Essay Question

14
13
12
11

Treatment
Control

10
9
8
7
1.1

1.2

2.1

2.2

3.1

3.2

4.1

4.2

5.1

5.2

Time (Discussion Session)

Figure 4-3. Initial and final scores of open-ended essay questions across the five
discussion sessions. On the time axis, 1.1, 2.1, 3.1, 4.1, and 5.1 indicates initial
scores of open-essay questions in each discussion session and 1.2, 2.2, 3.2, 4.2,
and 5.2 indicates final scores of open-essay questions in each discussion session.

The results of the ANOVA for the answer scores of the open-ended essay
questions are provided in Table 4-10. The results showed that there were no
statistically significant effects for the time and group interaction, F(4, 148) = .943,
p = .441, the change and group interaction, F(1, 37) = .063, p = .803, and threeway interaction among the time, change, and group, F(4, 148) = 1.101, p = .358.
This indicates there was no significant difference between the two groups in the

122
scores of the initial answers, the final answers, and the gains across the five
discussion sessions.

Table 4-10
Summary of Multiple Repeated Measures ANOVA with Between-Subjects
Factors Analysis for the Scores of Open-Ended Essay Questions
Source

Sum of
Squares

df

Mean
Square

F

p

Observed
Power

Within Subjects
Timea

347.535

4

86.884

2.738

.031

.745

Time X Group

119.674

4

29.919

.943

.441

.294

4696.469

148

31.733

336.963

1

336.963

43.899

.000

1.000

.484

1

.484

.063

.803

.057

Error (Change)

284.004

37

7.676

Time X Change

30.032

4

7.508

1.816

.129

.542

Time X Change X Group

18.214

4

4.553

1.101

.358

.340

612.036

148

4.135

Error (Time)
Changeb
Change X Group

Error (Time X Change)

Between Subjects
Intercept
Group
Error

41482.975

1

41482.975

690.004

.000

1.000

6.347

1

6.347

.106

.747

.062

2224.438

37

60.120

Note. aTime indicates the five discussion sessions. bChange indicates two different
answer scores, the initial and the final answer scores.
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Although there were two significant main effects for the time, F(4, 148) =
2.738, p = .031, and the change, F(1, 37) = 43.899, p = .000, these were not
intended to test the hypothesis. The time main effect might be due to the
different levels of item difficulty among the open-ended essay questions. In other
words, the open-ended essay questions used in the five discussion sessions were
not identical, so they should have different item difficulties that generated
differences in scores in each discussion session. Regarding the change main
effect, this effect might be due to repetition. In each discussion, each student
answered the same question twice, once before and once after the discussion.
Thus, the final answer score was consistently higher than the initial answer score
in each discussion across the two groups (see Figure 4-3).
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Research Question 4: Effects on On-Line Discussion Activities

Question 4: Does the use of on-line guidance for generating effective peerchallenges affect students' on-line discussion activities--such as the frequency of
interactions, threaded responses, and off-task interactions--during small group
on-line discussion?

Effects on the Frequency of Postings
Hypothesis 4.1: Students receiving on-line guidance for generating
effective peer-challenges will generate significantly more postings during small
group on-line discussion than students who do not receive the guidance.
In order to test the hypothesis, the frequency of all postings--including
initial answers, questions, and responses generated during each discussion
session--was counted. Then a multiple repeated measures ANOVA with
between-subjects factors was conducted. Specifically, a within-subjects by
between-subject interaction effect (a time by group interaction effect) was
focused in this analysis.
Descriptive statistics on the frequency of the postings between the two
groups across the five discussion sessions are summarized in Table 4-11. The
ANOVA results of the frequency of the postings are provided in Table 4-12.
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Table 4-11
Descriptive Statistics for the Frequency of Postings
Observation Point
First
Discussion Session
Second
Discussion Session
Third
Discussion Session
Fourth
Discussion Session
Fifth
Discussion Session

Group
Control
Treatment
Total
Control
Treatment
Total
Control
Treatment
Total
Control
Treatment
Total
Control
Treatment
Total

N

Mean

Std. Deviation

20
19
39
20
19
39
20
19
39
20
19
39
20
19
39

9.20
7.74
8.49
7.45
7.84
7.64
8.75
7.16
7.97
8.65
7.16
7.92
7.35
5.79
6.59

6.04
1.85
4.52
3.80
3.95
3.82
4.14
2.63
3.54
4.18
3.10
3.72
3.59
2.90
3.32

As described in Table 4-11, the control group generated slightly more
postings than the treatment group at the third, fourth, and fifth discussion
sessions. The ANOVA results, however, shows that there was no significant
effect for the time and group interaction, F(4, 148) = .832, p = .507, indicating that
there was statistically no difference between the two groups in the frequency of
the postings generated during each discussion session.
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Table 4-12
Summary of Multiple Repeated Measures ANOVA with Between-Subjects
Factors for the Frequency of Postings
Source

Sum of
Squares

Mean
Square

df

F

p

Observed
Power

Within Subjects
a

Time

77.037

4

19.259

2.224

.069

.642

Time X Group

28.811

4

7.203

.832

.507

.261

1281.640

148

8.660

Error (Time)

Between Subjects
Intercept
Group
Error

11579.234

1

11579.234

310.958

.000

1.000

63.665

1

63.665

1.710

.199

.247

1377.781

37

37.237

Note. aTime indicates the five discussion sessions.

Effects on the Number of Threaded Responses
Hypothesis 4.2: Students receiving on-line guidance for generating
effective peer-challenges will develop significantly more threaded responses
during small group on-line discussion than students who do not receive the
guidance.
In order to test the hypothesis, the frequency of all postings including
challenges and responses were counted for each discussion session from each
small group. Then the total number of postings generated during each discussion
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session from each small group was divided by the number of issues (initial peergenerated challenges) discussed in the small group. Finally, the average number
of postings under each issue was calculated for ten small groups respectively.
This score is used for indicating the degree of threaded responses. Then a
multiple repeated measures ANOVA with between-subjects factors was
conducted. Specifically, a time by group interaction effect (a within-subjects by
between-subject interaction effect) was focused in this analysis.
Descriptive statistics on the number of threaded responses of small groups
and the ANOVA results of the data are presented in Table 4-13 and Table 4-14
respectively. As shown in Table 4-13, the differences between the two groups in
the number of the threaded responses were small. Also, the trend of the numbers
across the successive discussion sessions was not consistent. In the third
discussion session, for example, the control group had slightly higher scores than
the treatment group, while the treatment group had slightly higher scores than
the control group for the first, second, and fourth sessions. Then, in the fifth
session, the control group had slightly higher scores than the treatment group
again. The ANOVA results in Table 4-14 also showed that there was no
significant effect for the time and group interaction, F(4, 32) = 2.437, p = .067,
indicating that there was statistically no difference between the two groups in the
number of threaded responses throughout the five discussion sessions.
Although there was a significant time main effect, F(4, 32) = 3.082, p =
.030, it was not the major focus for the hypothesis. According to a follow-up
analysis, this significant time main effect was due to a relatively sharp increase in
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the average number of threaded responses of both groups from the third (M =
1.62, SD = .34) to fourth (M = 1.79, SD = .34) discussion, F(1, 8) = 5.472, p = 0.47,
while the average number of both groups drew a gradually increasing curve
from the first to the fourth discussion session. This indicated that students tend
to generate more threaded responses as they had more on-line discussion
experience.

Table 4-13
Descriptive Statistics for the Number of Threaded Responsesa of Small Groups
Observation Points
First
Discussion Session
Second
Discussion Session
Third
Discussion Session
Fourth
Discussion Session
Fifth
Discussion Session

Groups

Nb

Mean

Control
Treatment
Total
Control
Treatment
Total
Control
Treatment
Total
Control
Treatment
Total
Control
Treatment
Total

5
5
10
5
5
10
5
5
10
5
5
10
5
5
10

1.52
1.55
1.54
1.55
1.64
1.59
1.82
1.43
1.62
1.78
1.80
1.79
1.77
1.73
1.75

Std.
Deviation
.33
.32
.31
.23
.25
.23
.32
.23
.34
.25
.45
.34
.12
.38
.27

Note. aThe number of threaded responses indicates the average number of postings
generated under each issue in each small group. bN indicates the number of the
small groups either in the control or the treatment group.
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Table 4-14
Summary of Multiple Repeated Measures ANOVA with Between-Subjects
Factors for the Number of Threaded Responses of Small Groups
Source

Sum of
Squares

Mean
Square

df

F

p

Observed
Power

Within Subjects
Timea

.466

4

.116

3.082

.030

.746

Time X Group

.368

4

9.205E-02

2.437

.067

.630

1.209

32

3.777E-02

Error (Time)

Between Subjects
Intercept
Group
Error

137.713

1

137.713

451.617

.000

1.000

4.101E-02

1

4.101E-02

.134

.723

.062

2.439

8

.305

Note. aTime indicates the five discussion sessions.

Effects on the Frequency of Off-Task Postings
Hypothesis 4.3: Students receiving on-line guidance for generating
effective peer-challenges will generate significantly fewer off-task postings
during small group on-line discussion than students who do not receive the
guidance.
In order to test the hypothesis, all off-task postings that were unrelated
postings to the given topics or not informational postings were coded, and the
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frequency of the off-task postings was counted from the five discussion sessions,
respectively. Then a multiple repeated measures (5 times) ANOVA with
between-subjects factors (2 groups) was conducted. Specifically, a time by group
interaction effect (a within-subjects by between-subject interaction effect) was
focused in this analysis.
Descriptive statistics and the ANOVA results of the frequency of the offtask postings across the five discussion sessions are summarized in Table 4-15
and Table 4-16, respectively.

Table 4-15
Descriptive Statistics for the Frequency of Off-Task Postings
Observation Point
First
Discussion Session
Second
Discussion Session
Third
Discussion Session
Fourth
Discussion Session
Fifth
Discussion Session

Group

N

Mean

Std. Deviation

Control
Treatment
Total
Control
Treatment
Total
Control
Treatment
Total
Control
Treatment
Total
Control
Treatment
Total

11
9
20
11
9
20
11
9
20
11
9
20
11
9
20

1.65
1.68
1.67
1.20
2.16
1.67
1.60
1.26
1.44
1.95
2.16
2.05
1.05
1.05
1.05

1.69
1.73
1.69
1.40
2.24
1.90
1.39
1.45
1.41
1.61
2.17
1.88
1.54
1.27
1.39
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As shown in Table 4-16, there was no significant effect for the time and
group interaction, F(4, 148) = 1.227, p = .302, indicating that there was no
significant difference between the two groups in the frequency of the off-task
postings across the five discussion sessions. Although there was a significant
time main effect, F(4, 148) = 2.881, p = .025, it was not the major focus for this
hypothesis. According to a post-hoc analysis, this significant time main effect
was due to a relatively sharp decrease from the fourth (M = 2.05, SD = 1.88) to
fifth (M = 1.05, SD = 1.39) discussion session, F(1, 37) = 8.650, p = .006, in the
average frequency of off-task interactions of the both groups. One reason might
be that the students were too busy to post off-task information in the last
discussion session, since this was the final session of the semester. The overall
frequency of all postings also decreased from the fourth (M = 7.92, SD=3.72) to
fifth (M = 6.59, SD = 3.32) discussion sessions, as summarized in Table 4-11.
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Table 4-16
Summary of Multiple Repeated Measures ANOVA with Between-Subjects
Factors for the Frequency of Off-Task Postings
Sum of
Squares

Source

Mean
Square

df

F

p

Observed
Power

Within Subjects
a

Time

b

Time X Group
Error (Time)

21.182

4

5.295

2.881

.025

.769

9.018

4

2.254

1.227

.302

.377

272.028

148

1.838

Between Subjects
Intercept
Group
Error

484.374

1

484.374

72.790

.000

1.000

1.461

1

1.461

.220

.642

.074

246.211

37

6.654

Note. aTime indicates the five discussion sessions. bGroup indicates the control
and treatment groups.
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Research Question 5: Correlations Between Challenging and Discussion
Activities and Learning Outcomes

Question 5: Are there any positive relationships between challenging and
discussion activities and learning outcomes?
In this analysis, on-line postings from only the third and fourth discussion
sessions among the five discussion sessions were included, because the two
discussion sessions could be regarded as the most stable discussion sessions
away from the influence of other critical factors, such as the students’ lack of
skills in using Internet and time pressures. In other words, the students’ lack of
skills in using the Internet, or their unfamiliarity with a new interface for on-line
discussion may negatively affect their on-line activities in the first and second
discussion sessions. Also, in the last discussion session, when most of the
students were under time pressure to finish the course, they may have spent
more time finishing course work than participating in the discussion. In fact, the
last discussion session had the lowest frequency of interactions (M = 6.59, SD =
3.32) among the others, as shown in Table 4-11.
In this analysis, various activities and interactions that occurred during
discussion were correlated with learning outcomes. The learning outcomes
included the scores of the post- and delayed-test for memory and comprehension
and the gain scores form the initial to the final answers on the open-ended essay
questions during the two discussion sessions. As described before, the posttest
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was administered after the fourth discussion session and the delayed-test was
employed after the fifth discussion. Therefore, the time difference between the
post- and the delayed-test was about three weeks.

Correlations between Challenge Behavior and Learning
Hypothesis 5.1: There will be a significantly positive correlation between
challenge behaviors in on-line discussion--such as the frequency of each type of
challenge generated, the clarity of the challenges, and the clarity of the rationale
for the challenges--and the learning outcomes--such as a post- and a delayed-test
for memory and comprehension and gain scores on open-ended essay questions.
In order to identify positive relationships between the challenge behaviors
and the learning outcomes, Pearson’s r was calculated between the two factors.
The challenge behaviors included asking clarification or elaboration questions
(Type I challenges) about initial answers posted by group members, generating
counter-arguments (Type II challenges), and asking context- or perspectivesoriented questions (Type III challenges). The frequency of each type of challenge,
the clarity scores of the challenges, and the rationale scores of the challenges
were correlated with the learning outcomes.
The results of correlations between challenge behaviors and learning were
presented in Table 4-17. There was a statistically significant correlation (r = .385,
p < .05, N = 36) between the frequency of counter-arguments and the score of the
delayed-test in the fourth discussion. With regards to the fact that the frequency
of counter-arguments and the posttest also showed a higher correlation (r = .312,
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p = .06, N = 37) in the fourth discussion, it could be said that there is a certain
level of positive relationship between the behavior of generating counterarguments and the memory and comprehension tests that followed. This result
indicates that the students who generate more counter-arguments tend to be
higher achievers in the memory and comprehension test. However, it might be
difficult to identify the causal relationship between them in this study because it
is unclear whether generating arguments help students to remember and
understand the content, or whether the students who knew more content tend to
generate more counter-arguments.
Although this result is not consistent with the result of the third
discussion data, one likely reason for that might be related to the time difference
between discussion activity and the tests. In other words, the posttest that
measured content knowledge studied and discussed in the third and fourth
discussion period was employed right after the fourth discussion, when at least
two weeks had passed after the third discussion. In the same manner, the
delayed-test was employed three weeks after the fourth discussion session and
five weeks after the third discussion session. Therefore, this time delay of the test
may weaken the relationship between the challenge behaviors in the third
discussion and performance in the post- and delayed tests.
Aside from the aforementioned correlations, there were no other
statistically significant correlations between challenge behaviors and learning, as
shown in Table 4-17.
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Table 4-17
Correlations (Pearson’s r) between Challenge Behaviors and Learning
Challenge Behavior

Posttest

DelayedTest

Gains on
Essay

Frequency of clarification/elaboration questions

-.026 (37)

-.079 (36)

.061 (39)

Clarity of clarification/elaboration questions

.002 (32)

-.027 (32)

.057 (33)

Rationale of clarification/elaboration questions

-.125 (32)

.063 (32)

-.021(33)

.140 (37)

.151 (36)

-.074(39)

.a (3)

.a (4)

.a (4)

.982 (3)

.866 (4)

-.640 (4)

.186 (37)

.160 (36)

-.091(39)

.a (14)

.a (13)

.a (14)

.106 (14)

-.068 (13)

.267 (14)

Frequency of clarification/elaboration questions

.250 (37)

-.008 (36)

-.005(39)

Clarity of clarification/elaboration questions

-.005 (32)

.067 (31)

.097 (34)

Rationale of clarification/elaboration questions

.167 (32)

.225 (31)

-.077(34)

.312 (37)

.358* (36)

.226 (39)

.a (4)

.a (3)

.a (4)

-.311 (4)

.034 (3)

-.923(4)

.247 (37)

.253 (36)

.265 (39)

.a (4)

.a (4)

.a (4)

.247 (4)

.523 (4)

-.556(4)

Discussion #3
Type I Challenge: Asking clarification/elaboration

Type II Challenge: Generating counter-arguments
Frequency of counter-arguments
Clarity of counter-arguments
Rationale of counter-arguments
Type III Challenge: Asking Context-/Perspective-oriented questions
Frequency of context-/perspective-oriented questions
Clarity of context-/perspective-oriented questions
Rationale of context-/perspective-oriented questions
Discussion #4
Type I Challenge: Asking clarification/elaboration

Type II Challenge: Generating counter-arguments
Frequency of counter-arguments
Clarity of counter-arguments
Rationale of counter-arguments
Type III Challenge: Asking Context-/Perspective-oriented questions
Frequency of context-/perspective-oriented questions
Clarity of context-/perspective-oriented questions
Rationale of context-/perspective-oriented questions

Note. *p = .05, ** p = .01, a indicates that a correlation coefficient cannot be computed
because at least one of the variables is constant.
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Correlations between Receiving Challenges and Learning
Hypothesis 5.2: There will be a significantly positive correlation between
receiving challenges in on-line discussion--such as the frequency of each type of
challenges received, the clarity of the challenges, and the clarity of rationale for
the challenges--and the learning outcomes--such as a post- and a delayed-test for
memory and comprehension and gain scores on open-ended essay questions.
In order to identify positive relationships between receiving challenges
and learning, Pearson’s r was calculated between two factors. Receiving
challenges included the frequency of three different types of challenges that each
student received from his or her peers, the average score of the clarity of the
challenges, and the average score of the rationale of the challenges.
The results of the correlations are presented in Table 4-18. As shown in
Table 4-18, there was a statistically significant positive correlation (r = .412, p <
05, N = 39) between the number of clarification or elaboration questions (Type I
challenge) received and gains of open-essay questions in the third discussion.
This indicates that the students who received more questions for clarification or
elaboration on their initial answers tended to revise their initial answers more for
their final answers during or after discussion. Likewise, there was a statistically
significant positive correlation (r = .444, p < 01, N = 38) between the number of
context- or perspective-oriented questions (Type III challenge) received and
gains on open-essay questions in the fourth discussion. This indicates that the
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students who received more questions on context- or perspective-oriented
questions tended to revise their initial answers more during or after discussion.
Interestingly, there was a statistically significant inverse correlation (r = .418, p < 05, N = 36) between the number of clarification or elaboration questions
received and the delayed-test score on memory and comprehension. This
indicates that the students who received more questions for clarification or
elaboration tended to have lower scores on the delayed-test for memory and
comprehension. One possible reason for this inverse correlation might be that
students who received more clarification or elaboration questions from peers
might be students who did not perform very well on their initial answer to openended discussion questions. In other words, these students might have lower
levels of prior knowledge of the content to begin with. Although receiving
clarification or elaboration questions might have helped them to revise their
initial answer and subsequently have higher gain scores in the open-essay
question, it might not be enough to encourage them to study the broad topics
covered during the period of the third and fourth discussion sessions. Therefore,
students who originally had lower levels of initial knowledge tended to have
lower scores on the memory and comprehension test, because the tests covered
broader topics across the content studied--unlike the open-essay question that
dealt with only a specific topic due to the limited number of questions assigned
to individuals (one question per person in each discussion).
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Aside from the aforementioned correlations, no other statistically
significant correlations between receiving challenges and learning were found, as
shown in Table 4-18.
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Table 4-18
Results of Correlations (Pearson’s r) between Receiving Challenges and Learning
Receiving Challenges

Posttest

DelayedTest

Gains on
Essay

Frequency of clarification/elaboration questions

-.254 (37)

-.418*(36)

.412*(39)

Clarity of clarification/elaboration questions

.297 (34)

.213 (33)

.099 (36)

Rationale of clarification/elaboration questions

.360* (34)

.342 (33)

.029 (36)

-.085 (37)

.173 (36)

-.147(39)

.a (3)

.a (2)

.a (3)

.132 (3)

.a (2)

.205 (3)

.053 (37)

.018 (36)

.150 (39)

.a (9)

.a (8)

.a (9)

.036 (9)

.127 (8)

.036 (9)

Frequency of clarification/elaboration questions

.127 (36)

-.091 (35)

-.190(38)

Clarity of clarification/elaboration questions

-.214 (31)

-.270 (30)

.096 (33)

Rationale of clarification/elaboration questions

-.188 (31)

-.090 (30)

-.005(33)

-.087 (36)

.003 (35)

-.08 (38)

.a (2)

.a (2)

.a (2)

1.000**(2)

1.000**(2)

1.000**(2)

-.033 (36)

.100 (35)

.444**(38)

.a (4)

.a (5)

.a (5)

-.838 (4)

-.657 (5)

.769 (5)

Discussion #3
Type I Challenge: Receiving clarification/elaboration questions

Type II Challenge: Receiving counter-arguments
Frequency of counter-arguments
Clarity of counter-arguments
Rationale of counter-arguments

Type III Challenge: Receiving Context-/Perspective-oriented questions
Frequency of context-/perspective-oriented questions
Clarity of context-/perspective-oriented questions
Rationale of context-/perspective-oriented questions
Discussion #4
Type I Challenge: Receiving clarification/elaboration questions

Type II Challenge: Receiving counter-arguments
Frequency of counter-arguments
Clarity of counter-arguments
Rationale of counter-arguments

Type III Challenge: Receiving Context-/Perspective-oriented questions
Frequency of context-/perspective-oriented questions
Clarity of context-/perspective-oriented questions
Rationale of context-/perspective-oriented questions

Note. *p = .05, ** p = .01, a indicates that a correlation coefficient cannot be computed
because at least one of the variables is constant.
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Correlations between Discussion Activities and Learning
Hypothesis 5.3: There will be a significantly positive correlation between
discussion activities--such as the frequency of responding to each type of
challenge, the frequency of postings in each group, the number of threaded
responses in each group, and the frequency of off-task postings--and the learning
outcomes--such as a post and a delayed-test for memory and comprehension and
gain scores on open-ended essay questions.
In order to identify positive relationships between discussion activities
and learning, Pearson’s r was employed. The discussion activities were
represented by the frequency of responses made to received challenges, the
frequency of postings (challenges and responses), the frequency of interactions in
threaded discussion, and the frequency of off-task interactions.
As for responding activity, the frequency of particular responses that each
student generated to one of the three different types of challenges was counted,
respectively. In the group interactions, the frequency of postings generated by
individuals during each discussion was counted. The posting includes one’s
challenges to peers initial answers and one’s responses to peers’ challenges Also,
the number of interactions in the threaded discussion was also calculated by
dividing the number of total issues into the number of total postings in each
group, which represents how many interactions had occurred under each issue.
Off-task interactions included the frequency of asking off-task questions,
receiving off-task questions, and responding to off-task questions.
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Table 4-19
Results of Correlations (Pearson’s r) between Discussion Activities and Learning
Description of Interaction

PostTest

DelayedTest

Gains on
Essay

# of responses to clarification/elaboration questions

-.234 (37)

-.243 (36)

.142 (39)

# of responses to counter-arguments

-.085 (37)

.173 (36)

-.147(39)

# of responses to context-/perspective-oriented questions .132 (37)

.109 (36)

-.053(39)

# of total responses to all three types of challenges

-.162 (36)

.090 (39)

.155 (36)

-.050(39)

-040 (37)

.037 (36)

-.116(39)

Frequency of asking off-task questions

.003 (37)

.014 (36)

-.017(39)

Frequency of receiving off-task questions

.045 (37)

.109 (36)

.213 (39)

Frequency of responding to off-task questions

-.014 (37)

-.033 (36)

-.035(39)

.083 (36)

.167(35)

-.241(38)

.a (36)

.a (35)

.a (38)

# of responses to context-/perspective-oriented questions

.027 (36)

-.101 (35)

-.130(38)

# of total responses to all three types of challenges

.064 (37)

-.183(36)

-.231(39)

.149 (36)

.065 (39)

.020 (37)

.070 (36)

.109 (39)

Frequency of asking off-task questions

-.024 (37)

.070 (36)

.109 (39)

Frequency of receiving off-task questions

-.002 (36)

.172 (35)

.196 (38)

Frequency of responding to off-task questions

.134 (36)

.257 (35)

-.020(38)

Discussion #3
Responding to received challenges

-.182 (37)

Interactions among peers in group
# of postings (challenges and responses to challenges)

.165 (37)

# of threaded discussion (postings divided by issues)
Off-task interactions

Discussion #4
Responding to received challenges
# of responses to clarification/elaboration questions
# of responses to counter-arguments

Interactions among peers in group
# of postings (challenges and responses to challenges)
# of threaded discussion (postings divided by issues)

.373*(37)

Off-task interactions

Note. *p = .05, ** p = .01, a indicates that a correlation coefficient cannot be computed
because at least one of the variables is constant.
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The correlation results are presented in Table 4-19. As shown in Table 419, there was a statistically significant correlation between the number of
postings generated and the posttest score in memory and comprehension. This
indicates that students who asked more questions in response to peers’ initial
answers and who generated more responses to peers’ questions tended to
remember and understand more content at the point immediately after the
discussion.
Aside from the above correlation, no other statistically significant
correlations between the other discussion activities and learning were found. The
frequency of responses to the three types of challenges received did not show
any significant correlation with learning. Also, there was no significant
relationship between the number of threaded discussions (the number of issues
divided by the number of postings) and learning in each discussion session.
Lastly, the results showed no significant relationship between off-task activities
and learning.
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Research Question 6: Student Perceptions of the Use of On-Line Guidance

Question 6: What are student perceptions of using on-line guidance?
In order to collect data on how student used the on-line guidance
provided for them in the process of generating challenges and how they valued
their use of the on-line guidance, an e-mail survey was distributed during the
last discussion session. Seven students from the treatment group and seven
students from the control group respectively replied to a survey among the 45
students who submitted their consent forms at the beginning of the semester.
Also, three students from the treatment group and one student from the control
group were randomly selected and interviewed individually through telephone
conference calls.

Survey Results
The Use of On-Line Guidance
On the survey question which asked whether students referred to the
given on-line guidance during the discussion sessions, all seven students from
the treatment group said “Yes.” This result corroborates that most students in the
treatment group read the given on-line guidance during the third or fourth
discussion sessions.
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On the follow-up question that asked how often students referred to the
given on-line guidance, student responses are summarized in Table 4-20. Table 420 shows that three out of seven students answered that they referred to the online guidance a couple of times during the discussion sessions. Two students said
that they read the guidance only one time and one student said that he referred
to it every third or fourth time when he asked a question. One student indicated
that he might have referred to the guidance frequently by noting that he even
printed the guidance for convenient use.

Table 4-20
The Frequency of Referring to the On-Line Guidance
Question
How often did you refer to the "Good questioning tips"
throughout the entire Practicum 3 & 4 when developing
questions or your opinions?
I referred to them every time I asked a question

N (%)

0
0

I referred to them approximately every other time I asked a
question
I referred to them every other third or fourth time I asked a
question
I read them only a couple of times through the discussion
sessions
I read them only once.

2 (28.6%)

Other. Please explain (I even printed them for easier use)

1 (14.3%)

Total

1 (14.3%)
3 (42.8%)

7 (100.0%)
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Perceived Usefulness of the On-Line Peer-Challenge Guidance
On the survey question asking about usefulness of the on-line guidance
provided for them, five out of seven students said “Yes,” and the remaining two
students said “No.”
On the follow-up question that asked the reason why students thought it
was useful, students reported various reasons, as summarized in Table 4-21. The
results indicate that the on-line guidance might have helped the students in the
treatment group generate questions for their peers.

Table 4-21
The Results of Reasons for Usefulness in Using the On-Line Guidance
Question

In what way was it useful to you?
•

It got me to think a little more.

Student

•

It helped me phrase my questions properly.

Written

•

It helped in getting an idea of what types of questions were

Response

worth asking.
•

They made it a lot easier to ask a question without trying to
sound rude or sarcastic, which was a main concern of mine.

Students were also asked about which part (tips, generic examples, or
specific examples) of the on-line guidance provided was most useful to them.
The student’s written responses are summarized in Table 4-22. This result
indicates that all three components of the on-line peer challenge guidance might
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have been useful for helping the students to generate questions to a certain
degree.

Table 4-22
The Results of the Usefulness of the components in the On-Line Guidance
Which part (tips, generic examples, specific examples) of the
Question

"Good questioning tips" was most useful to you? Please explain
WHY.
•

Student
Written

None was better than the other. They all helped in giving
ideas.

•

Response

Generic examples, because they pertained more closely to all
the answers.

•

The specific examples, because they make it easier to apply to
what you’re doing.

Interview Results
Sampling and Descriptions of Participants
A purposeful random sampling technique was used for selecting subjects
for a telephone interview. Since each student was assigned to one specific small
group throughout the semester, each student’s experience may be affected
critically by the atmosphere existing within the group he or she belonged to.
Therefore, in order to prevent a specific group from unduly influencing the
results, an attempt was made to select one volunteer from each small
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experimental group; four students who had responded to the survey were
approached. Only three students agreed to be interviewed individually among
the four who were originally contacted. In addition, one subject from the control
group who was randomly selected volunteered to be interviewed for obtaining
his general impressions about his experience with on-line discussion.
The participants were first contacted for scheduling a telephone interview.
During the telephone interviews, which usually lasted for about 30 minutes, the
conversations between the researcher and the interviewee were tape-recorded.
Then, the conversations were transcribed for later analysis by an experienced
transcriber.
Brief biographical information of the four volunteers is summarized
below.

•

Tim (alias) is a male, full time student, who is between 18 and 21 years
old, and who has had 5 years experience related to turfgrass management.
At the time of the study, he was a sophomore. He was assigned to one of
the small groups in the experimental group.

•

Chris (alias) is a male, part-time student, who is between 26 and 30 years
old, and who has been working for 11 years in the field of turfgrass
management. He was taking this course in order to obtain a certificate in
turfgrass management. He was assigned to one of the small groups in the
experimental group.

•

Lay (alias) is a male, part-time student, who is between 31 and 40 years
old, and who has been working for 15 years in the field of turfgrass
management. He was taking this course to obtain a certificate in turfgrass
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management. He was assigned to one of small groups in the experimental
group.
•

Bob (alias) is a male, part-time student, who is between 22 and 25 years
old, and who has been working for 11 years in the field of turfgrass
management. He was taking this course to obtain a certificate in turfgrass
management. He was assigned to one of the small groups in the control
group.

General Use of the On-Line Guidance
The aim of this section is to explain why students did or did not use the
on-line guidance and how they used it. The way the on-line guidance was used
varied among individuals. They also had different reasons for why they did not
use it or why they used it in a certain way.
In Tim’s case, he skimmed through the on-line guidance only once when it
was introduced for the first time in the third discussion session. Several possible
reasons were identified from the conversation with him to explain this. First, he
mentioned that “I haven’t actually used the tip itself” (Tim, Line 32) and “It was
kind of following the same guidelines that I was using already so it really fit with
what I was going to do in the first place” (Tim, Lines 34-35). It seems that the online guidance was ineffective for him since he was already familiar with the tips.
However, some students might also report that they already did this, but often
do not use the tips. There might have been another more critical reason for him
not to use it. He was under time pressure during the week when the on-line
guidance was introduced. He said, “I didn’t go all the way through it. I just went
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in the beginning. I was kind of pressed for time that week. I might have had a
couple of exams coming up or something” (Tim, Lines 48-49). He might not have
had a chance to read the on-line guidance in detail in order to see any value in it.
It seems that by not having examined the on-line guidance carefully, he
concluded that he already knew the guidelines and did not need to refer to them
again.
Another reason that might have kept him from using the on-line guidance
could be that he felt that referring to the on-line guidance was an additional
activity beyond the course requirements. He mentioned, “…one thing that might
have helped is if like for each of the practicum questions, that you have to start
out with the tips [in] the first one [the first discussion]. I know it probably was
just added later, but it might be helpful to have it there from the start, so you
kind of get in the routine of going there” (Tim, Lines 65-68). In Tim’s case, if he
had been requested to use the guidance at the beginning of the semester instead
of the middle of semester as it was done in the study, then he might have paid
more attention to the guidance. This implies that keeping consistency in the
activities is important when on-line instructors request students to use on-line
resources voluntarily.
Unlike Tim, Chris referred to the on-line guidance more frequently. He
used it two or three times during the third and fourth discussion session, as he
mentioned, “I’d say maybe two or three times I went back and looked at those
just to get some idea on what to ask” (Chris, Lines 25-26). Chris preferred to refer
to and use situation-oriented questions (Type III challenge) because of his job-
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related experiences. He said, “I’ve been doing golf course work now for ten to
eleven years so I like to do job-related questions. I try to relate it to what happens
on the golf course” (Chris, Lines 49-51). This implies that field experience may be
one of the important factors that prompt students to use situation-oriented
questions, because most students did not generate perspective- or situationoriented questions often enough during discussion in this class.
Lay praised the on-line guidance as indicated in this comment, “Actually,
what I’d done was to print it out and refer to it a quite a bit” (Lay, Line 14). He
also mentioned he referred to the guidance almost every time when he tried to
generate questions. In a later conversation, however, it was discovered that he
did not use the details of the guidelines, such as tips and examples in each type
of question. Instead, he just printed out the first page of the guidance, where the
table of contents for different questions were presented such as “Your
explanation is unclear,” “You missed important points in your answer,” “You
didn’t answer the questions correctly,” “I disagree with what you said because,”
and so on. He simply believed that this first page of questions was all of the
guidance and did not try to click on each question to see the details of guidance
for each situation. This implies that the current interface of the on-line guidance
may not have been clear enough for some of the Internet users to navigate as it
was designed.

152
Obstacles in Generating Challenges to Peers
The aim of this section is to present the kinds of difficulties or obstacles
participants experienced in the process of generating questions to their peers.
The interviews revealed that participants had experienced difficulties in
the process of generating challenges (questions) to peers’ initial answers on the
assigned questions. These difficulties seemed to be caused by a lack of priorknowledge or by the late responses of inactive peers.
Question-askers (challenge-generators) had a hard time generating
questions when they felt that they were faced with a high quality initial answer.
Of the four participants, three identified this obstacle as what kept them from
asking meaningful questions. The following excerpts support this notion:
The only problem I would have is if they have a pretty complete answer to begin
with and I just had to try to find two things [try to ask two questions that were
required in each discussion]. I mean they might have minute details or
something like that, but I was just looking for two of anything that I could put
into there. (Tim, Lines 172-174)
… I was stuck in that [above] situation a few times. (Tim, Lines 196)
I looked at his answer and from that answer, it seemed to be a very complete
answer, which make it kind of difficult to ask questions, so what I did was I went
into the tips and got some ideas…(Chris, Lines 91-93)
Yes, I had some difficulty in generating questions. (Bob, Line 109)
When the answer I was reading sounded perfect I found it tough to generate a
question that would be like a viable question, a question that’s really going to
stump them. (Bob, Lines 111-112)
If it was a good answer and I couldn’t find a [viable] question to pose, I would
just pose an easy one, just to kind of…because I know that they’ve spent all this
time formulating this answer and I didn’t want to discourage that or upset that.
(Bob, Lines 115-117)

Possible reasons for these difficulties may be related to either a low level
of domain knowledge on the part of question-askers or the level of complexity of
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the original questions assigned by the instructor. In the former case, the
difficulties were exacerbated if the question-asker had the perception that he
possessed a lower level of knowledge than answerers, as implied by Tim:
… You have to have proper knowledge of the subject before you can even ask a
good question… (Tim, Lines 263-264)
Some of the answers were just real complete. … I wasn’t really sure how to…I
mean what I could do to improve on them. (Tim, Lines 87-89)

In support of this, Chris, who has worked 11 years at a golf course, mentioned:
… I think questions that relate more to, what we’re actually…for me personally
for a golf course, what we’re actually going out and doing every day. If you ask
questions [assign topics] that pertain to that [everyday experience], [then] you
can ask any number of questions. (Chris, Lines 228-231)

This indicates that question-askers do not seem to experience problems with
asking questions when they deal with topics about which they have enough
experience or knowledge.
As mentioned earlier, another possible reason for this difficulty may be
related to the level of complexity of the original questions. It is understandable
that question-askers might not have many options for inquiring further when the
original question is straightforward; that is, it has only one or a few right
answers (e.g., creating Latin terms for a new grass), and the answerers have
already provided the right answers. Chris described it this way:
I think the hardest would be if the question seemed to be…I don’t want to say
easy, but if there were basically one specific answer it would be difficult to try to
get a question. (Chris, Lines 217-218)
I know like, for instance, for me one of my questions was very straight forward
and no one could give me any questions to it because there weren’t any to give
so that wasn’t very beneficial to any of us. (Chris, Lines 222-224)
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Another type of obstacle that question-askers experienced in generating
meaningful questions was related to delayed postings contributed by inactive
peers. Lay, Chris, and Bob believed that the late responses prevented from
asking thoughtful questions:
… The only thing that kind of made it hard for me is like a few in my group
would post their items pretty late in the class. (Lay, Lines 181-182)
It made it hard for me to help them because there…they had very little time left
then. (Lay, Lines 184--185)
I think the only problem I had was [that] my group wasn’t very involved. Out of
six people there would normally only be three of us that were actively involved
and kept on pace with the timeframe that we were supposed to have. I mean I
have a pretty tight schedule and if the questions are supposed to be in by Sunday
and we’re supposed to answer…the question and the answer is supposed to be
for the next five days, I mean I know you can’t make the people do it, but it’s nice
when people are on the same page and they get stuff done when they’re
supposed to. (Chris, Lines 355-362)
Also, the thing that I didn’t like was…a lot of time my questions…I would pose
them quite early in the week. Some of the peers in my group would pose them
last in the week when it was almost time for discussion and critique to end. (Bob,
Lines 345-347)

It is obvious that respondents do not have enough time to think and to
reply to peers if they have received their peers’ opinions at the last minute.
Indeed, it was observed in the current on-line class that many late responses
were ignored by students and led to no further interactions. Thus, responding in
a timely manner seems to be a necessary condition for generating effective
challenges and leading to further meaningful on-line interactions.
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The Perceived Value of Using the On-Line Guidance in Generating Challenges
The aim of this section is to respond to the question of how the
participants perceived the value in using the on-line guidance in the process of
generating challenges (questions). Specifically, it focuses on how the on-line
guidance helps question-askers to overcome the obstacles that hinder their
questioning activities.
Of the three volunteers in the experimental group, one did not find any
value in using the guidance while the other two did obtain great value from
using it. Tim noticed that he did not see any value in using the on-line guidance
because he thought he had already used the guidelines. Chris and Lay, however,
responded that the guidance gave them a good starting point and made it easy
for them to ask questions:
They [the on-line guidelines] just kind of gave me a starting point. I would read
and they would kind of get me going and then I would be able to relate to a
certain type of question that I would like to ask. It kind of just got me going and
got me started with the thought process. (Chris, Lines 40-42)
Well it gave me a better idea on how to ask a question, like I say, without being
ignorant or rude. (Lay, Line 40) … So, it made it a lot easier for me to ask a
question, I guess, and in a way it kept their mind kind of going on what I was
trying to get at if they said something on the question they [the on-line
guidelines] had a better idea of what I was trying to say. (Lay, Line 42-44)

According to the responses above, it seems that the guidance supported them in
the process of forming questions and/or clarified what they were trying to ask.
The on-line guidance, moreover, seemed to have become a first place for
the question-askers to look for ideas when they did not know what to ask when
the answerers gave complete answers:
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I looked at his answer and from that answer, it seemed to be a very complete
answer, which make it kind of difficult to ask questions, so what I did was I went
into the tips and got some ideas and…(Chris, Lines 91-93)

This indicates that the guidance seems to help the question-askers to overcome
the obstacle that they first experienced when they were supposed to ask
questions or generate challenges to what seemed to them like complete answers.
In what follows, another of Lay’s responses confirms the high value he
placed on the on-line guidance during discussions. In addition, his response
indicates that the on-line guidance seemed not merely to make it easier for him
during the questioning process, but also that it helped him improve the quality
of his questions or change the type of questions he asked:
Actually I thought they [the on-line guidelines] were pretty nice. They came in
handy. It’s too bad I didn’t have them on the practicum one and two [due to the
experimental design]. It would have made it a lot easier. Basically what I was
doing on the first two practicums [first two discussion sessions] is just saying
“Well may be you should explain this in your answer to my peers” or “You
should look at it this way.” I never really asked a question. (Lay, Lines 100-103)

These interview results indicated that the on-line guidance might help
question-askers better articulate questions that are more refined and meaningful.

The Experience of Receiving Peer-Generated Challenges and the Process of
Answering the Challenges
This section will try to explore the on-line students’ experience of
receiving challenges in discussion in terms of how important receiving
challenges was for them in having a meaningful learning experience during
discussions, whether or not they obtained any benefit from receiving challenges,
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in what circumstances they believed that they had or had not benefited, what
were the characteristics of these challenges that made them useful, and what
procedures they followed in order to respond to the thoughtful challenges they
received.
Sometimes the participants received feedback or challenges that did not
help them to have meaningful learning experiences during a discussion, while at
other times there were qualified questions or challenges that did encourage them
to think and learn more intentionally. From the interview data, it becomes
apparent that simply receiving feedback or challenges was not enough to
motivate feedback-receivers to pursue intentional learning. Meaningful learning
experiences were dependent on the content of the feedback the learners received.
Interviewees explained that they did not see any value from feedback that
was stating something like, “You did a good job,” asking questions that did not
relate to the topics directly, or asking questions outside of a boundary:
… when they say “Good answer” and then just “one word was spelled wrong.”
That is not really helping too much… (Tim, Lines 219-220)
… [During the fourth discussion] I really didn’t get a question from any of them.
Most of them were [saying] “Good answer!” (Chris, Line 283-284) …their
feedback didn’t do anything really. (Chris, Line 289)
Yes, it [one of invaluable questions I received from my peers during the
discussion] was about the color of nitrogen. (Bob, Line 230). …[because] Dr. T
[the instructor] didn’t really want to know any of that stuff. (Bob, Line 244)

On the other hand, they stated that they had meaningful learning
experiences during discussion when they received quality questions or
challenges. These challenges seem to promote reflection about their current
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understanding, to identify for them their lack of knowledge, and to stimulate
them to seek relevant information to fill the gap:
It [a good question] is pushing me kind of…like I didn’t have an exact answer.
My answer is kind of vague. Like I didn’t really know which one it would be for
sure, but then we’re kind of, “what if you had this different aspect?” “Could you
identify it with that alone?” I mean it got me thinking. It sent me back to the book
so I looked it up again. (Tim, Lines 271 - 275)
He just wanted a clarification… (Lay, Line 210) …Well, it got me to do a little
more research [not audible]… microbes, bacteria, fungi, algae, and stuff that I
probably should [not audible]… (Lay, Lines 211-213) …I missed some stuff, so
that was probably my main feeling; [I was] thinking that I missed important
things that I should focus on. (Lay, Lines 226-227)
I’d use the textbook and also was making notes. I’d get on the website and look
up certain things and make sure that’s what it said on there. It definitely got me
thinking. (Lay, Lines 232-233)
Everybody asks different questions and that constantly gets your thinking going.
(Lay, Lines 220-221)
This [question] stumped me. “Can nitrogen be applied by fertilizer or through
spray? If so, which one is better?” I didn’t know which one is better… (Bob, Lines
169-170) … so I actually found out the answer to that and that was the type of
question that stumped me. (Bob, Lines 174-175)

As apparent from the previous comments, qualified peer questions prompted
receivers to pursue deeper explanations in order to reply to the questions. The
peer questions pushed them to think (reflect on their knowledge) and to realize
their lack of knowledge. As a consequence, they searched for additional
information.
According to the interview data presented before, when participants
received thoughtful challenges (questions) from peers, they first realized that they
did not know the answers:
It [a good question] is pushing me kind of…like I didn’t have an exact answer. My
[initial] answer is kind of vague. Like I didn’t really know which one it would be for
sure… (Tim, Lines 271 - 273)
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This [question] stumped me. “Can nitrogen be applied by fertilizer or through
spray? If so, which one is better?” I didn’t know which one is better… (Bob, Lines
169-170)
He [a peer] just wanted a clarification… (Lay, Line 210) …I missed some stuff, so
that was probably my main feeling; [I was] thinking that I missed important things
that I should focus on. (Lay, Lines 226-227)
Everybody asks different questions and that constantly gets your thinking going.
(Lay, Lines 220-221)

The realization of their lack of knowledge indicates that they reflectively thought
about their own knowledge before and after the realization. As revealed in the
interview data, whenever the interviewees mentioned their lack of knowledge
such as, “I didn’t really know…” after receiving peer challenges, they also
mentioned that they did think intensively. So the realization of their lack of
knowledge seems always to be a result of the reflective thinking as well as
causing them to think reflectively. Also, it is apparent that the thoughtful
questions (challenges) received from peers become a trigger for the realization of
their lack of knowledge, as indicated in interviewee’s data such as, “It [a good
question] is pushing me kind of…like I didn’t have an exact answer” (Tim, Line
271).
After realizing that they did not know an answer, they searched all of the
available resources for the necessary information:
It sent me back to the book so I looked it up again. (Tim, Lines 274 - 275)
I’d use the textbook and also was making notes. I’d get on the website and look
up certain things and make sure that’s what it said on there. It definitely got me
thinking. (Lay, Lines 232-233)
… so I actually found out the answer to that and that was the type of question
that stumped me. (Bob, Lines 174-175)
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The information-seeking activity indicates that they articulated whatever
information they needed to find. This articulation process might be happening
right before or during the information-seeking activity.
The final stage in the process of answering a challenge was writing and
posting an answer. There might be an additional thinking process during or after
the information-seeking activities until the challenge-receiver arrived at the stage
of answering activities. This thinking process might be linking newly found
information to existing knowledge. In this process, the learners seemed to check
whether or not they could make sense of what they found. If they still could not
make sense of what they found, then they tried to re-articulate what additional
information was needed and to re-seek the information until they built up
enough knowledge to be able generate satisfying answers:
For me, this was my most difficult question. It made me read and re-read and reread the information to try to understand it. (Chris, Lines, 251-252)
…I finally was able to comprehend what these processes were and how they all
worked together and then I was able to relate that to my answer. (Chris, Lines
260-262)

Chapter 5
DISCUSSION

In this study, a peer-challenge support model was proposed to overcome
a metacognitive knowledge dilemma and to facilitate effective peer interactions
and learning during on-line discussion. Based on this model, on-line guidance
was developed in order to provide external support for novice learners in
generating effective peer-challenges, including clarification or elaboration
questions, counter-arguments, and context- or perspective-oriented questions.
Thus the purpose of this study was to test this peer-challenge support framework
by investigating the effects of providing externalized, on-line support for
generating effective peer-challenges during on-line small group discussion,
thereby enhancing learning in college students.
A brief summary of the results will be described in this chapter. Then the
findings related to the results will be explained with regard to the peer-challenge
support model. Also, implications for instructional design and future research
will be discussed.
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A Brief Summary of the Results

Q1. Does the use of on-line guidance for generating effective peer-challenges
affect students' on-line challenging behaviors, such as the types of challenges
generated, the clarity of these challenges, and the clarity of the rationale for the
challenges during small group on-line discussion?
The use of the on-line guidance for generating effective challenges helped
learners to generate more challenges during on-line discussion. Specifically,
clarification or elaboration questions increased, while a very small number of
counter-arguments and context- or perspective-oriented questions were
observed. However, the use of the on-line guidance did not help learners to
increase the quality of their challenges, such as the clarity of the challenges and
the rationale for these challenges, which were judged by the two raters and the
given rubrics.

Q2. Does the use of on-line guidance for generating effective peer-challenges
during small group on-line discussion affect students' performance in memory
and comprehension tests?
The use of the on-line guidance during on-line discussion did not help
learners to increase their scores on multiple-choice post-, delayed-, and transfer
tests for measuring memory and comprehension.
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Q3. Does the use of on-line guidance for generating effective peer-challenges
affect changes in students' knowledge during small group on-line discussion?
The on-line guidance was not effective in helping learners to substantially
revise their initial answers on essay questions during on-line discussion.
However, students in the treatment group consistently demonstrated higher
scores on their initial and final answers than did students in the control group
during the treatment sessions. Thus, the small size of the sample and the limited
use of the guidance might have diluted the effectiveness of the on-line guidance.

Q4. Does the use of on-line guidance for generating effective peer-challenges
affect students' on-line discussion activities--such as the frequency of
interactions, threaded responses, and off-task interactions--during small group
on-line discussion?
The use of the on-line guidance did not show any effect on increasing the
total number of peer interactions and threaded responses or on decreasing offtask interactions.

Q5. Are there any positive relationships between challenging and discussion
activities and learning outcomes?
Generating Challenges and Learning: There was a positive correlation (in
the fourth discussion) between the frequency of counter-arguments generated
and the scores of the post-test for measuring memory and comprehension.
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Receiving Challenges and Learning: There was a positive correlation (in
the third discussion) between the frequency of clarification or elaboration
questions learners received during discussion and their gain scores on the essay
questions. However, there was an inverse correlation (in the third discussion)
between the frequency of clarification or elaboration questions learners received
and their delayed-test for memory and comprehension. There was also a positive
correlation (in the fourth discussion) between the frequency of context- or
perspective-oriented questions received and their gain scores on the essay
questions.
Interaction and Learning: There was a positive correlation (in the fourth
discussion) between the frequency of interactions during discussion and
students’ scores on the post-test for memory and comprehension.

Q6. What are student perceptions of using the on-line guidance?
General use of on-line guidance: Students referred to the guidance,
although infrequently.
Obstacles in generating challenges to peers: Students experienced
difficulties in the process of generating challenges when they had limited
knowledge, when the original questions had correct answers, or when peer
responses were late being posted.
Perceived value of using the guidance: Participants believed that the online guidance supported them in forming questions and in clarifying what they
wanted to ask. Students who used the guidance perceived that it made asking
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questions easier for them, so they could ask more questions, and it helped them
improve the quality of their challenges.
Experience with receiving challenges and answering challenges: Noninformative questions or feedback did not help learners to think intentionally.
Quality questions and feedback prompted learners to reflect by helping them to
identify their lack of knowledge and by stimulating them to seek relevant
information.

Metacognitive Knowledge Dilemma and Peer-Challenge Support Model

The peer-challenge support model, as shown in Figure 5-1 (see also figure
1-1 and 1-2 in chapter 1), suggests that meaningful peer interactions enhance
metacognitive skills resulting in effective knowledge construction. These
meaningful peer interactions can be initiated when a learner (challenge
generator) provides thoughtful questions or critical feedback. In order to
generate meaningful challenges, the learner needs to have a certain level of
domain knowledge and active metacognitive skills such as reflection,
monitoring, and evaluation. However, novice learners, who lack domain
knowledge and metacognitive skills, often have difficulties in generating
thoughtful questions and feedback to peers' due to a metacognitive knowledge
dilemma whereby metacognitive activities are linked to prior domain knowledge
(Garner & Alexander, 1989; Land, 2000; Miyake & Norman, 1979; van der Meij,
1990).
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Figure 5-1. Metacognitive knowledge dilemma and peer-challenge support
model.

Non-thoughtful questions that are typical of the novice learner are likely
insufficient to prompt peers' metacognitive activities, resulting a less meaningful
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interaction cycle. Prior research has shown that novice learners, however, can be
guided to generate thoughtful questions or feedback at an early state of learning
through external supports (King & Rosenshine, 1993; Palincsar & Brown, 1984).
The resulting interactions, in turn, enhance peers' metacognitive activities, such
as reflecting and monitoring, which allows them to refine, reconstruct, and
enhance existing understanding (Piaget, 1985; Webb & Palincsar, 1996). These
assumptions, and their potential as explanatory factors in this study, will be
discussed in detail in the following sections.

Obstacles in Generating Challenges
The results of this study indicated that learners (question-askers)
experienced some difficulties in generating effective challenges to their peers'
(challenge-answerers') opinions during on-line discussion. One type of difficulty
appeared, as expected, when challenge-generators felt that they had a lower level
of knowledge than their peers, while these difficulties could not be detected
when a given topic was familiar to the challenge-generator. This finding is
consistent with the results of Miyake and Norman's classic experimental study
(1979) and ver der Meij's research (1990) indicating that asking questions requires
a certain level of domain of knowledge and metacognitive skill.
This prior knowledge-related obstacle in generating meaningful
challenges is likely predominant in many on-line environments where
instructors require students to generate a certain number of questions or
postings. In order to get grade points, students may be pressed to post anything
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within a certain period of time. In this case, the students who lack prior
knowledge tend to ask very simple, non-thoughtful questions that may be
insufficient to activate or to enhance peers' reflective thinking.
Another type of obstacle detected in this study was related to the nature of
discussion questions assigned by the instructor. The complexity and structure of
the discussion questions are key to further meaningful discussion. When
students were given simple, well-structured problems that had only one or a few
right answers, their questions and interactions were limited. Therefore, it is
important for instructors or instructional designers to consider the complexity
and structure of the original problems in order to facilitate more active
interactions (Jonassen, 2000b).
The last type of difficulty in generating challenges identified in this study
was caused by delayed postings. When students posted their opinions at the last
minute, their peers did not have time to think about the postings and respond
adequately to them. Unlike face-to-face discussion, on-line asynchronous
discussion allows students to take time to think and to reply to previous
postings. It is a benefit of using asynchronous tools that students can have time
to prepare a sound argument; however, this asynchronous nature can also limit
dynamic, active, fast interactions among students. In addition, a part of this
problem may be related to the first obstacle because students who do not know
what to ask may postpone their postings. Therefore, it might be important that
instructors prepare timing-related rules or regulations for students to interact
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with each other in a timely manner as well as provide students instructional
support for generating effective questions.

Effects of the On-Line Guidance on Generating Challenges
Although three types of obstacles in generating challenges were
identified, this study focused on how to help students to overcome the obstacle
that was related to limited prior knowledge and metacognition. In general, this
study suggested that novice learners have a metacognitve knowledge dilemma
that can hinder them in generating effective challenges. In fact, participants
reported that they experienced difficulties in generating thoughtful questions
when they had a relatively lower level of prior knowledge on a given topic.
The results of this study are encouraging in that students can possibly
overcome this limitation of prior domain and metacognitive knowledge and
generate more effective challenges by use of the on-line guidance. In the
interviews, for instance, participants explained that the guidance became "a
starting point" for them to easily generate challenges when they had difficulty
while asking questions due to a lack of domain knowledge. This interview result
was also confirmed by the quantitative results. Students who received on-line
guidance generated significantly more challenges than did students who did not
receive the guidance during the two treatment sessions and the one transfer
session. This may indicate that the guidance supported students' challenging
activities directly as well as scaffolded their cognitive skills on how to generate
effective challenges (King, 1992; Palincsar & Brown, 1984, 1988). The generic and
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domain-specific questions provided in the on-line guidance seemed to have
helped them to elaborate their questions, while the tips (cognitive strategies) on
how to ask effective questions in different situations seemed to have scaffolded
their metacognitive activities for asking effective questions.
However, several possible limitations of interpreting this transfer effect of
the guidance remain, in that it is possible that students did not use the guidance
as intended. For instance, one participant reported that he printed out the on-line
guidance and used it in the transfer session. If this is the case for many
participants in this study, then the transfer effects cannot explain the scaffolding
of cognitive skills due to an experimental treatment diffusion (Gall, Borg, & Gall,
1996) between sessions within subjects. This may be an emergent limitation that
researchers need to consider during their studies in on-line settings.
Although there was partial evidence in the interview data that the quality
of challenges was improved by using the on-line guidance, the results of
experimental study failed to demonstrate that. There was no difference between
the control and experimental groups in the clarity of challenges generated and
the clarity of the rationale for the challenges. One possible reason for the failure
of this treatment to improve the quality of challenges might be that students did
not refer to the on-line guidance frequently or pay attention to the detailed
strategies provided. According to the survey and interviews, most participants
reported that they referred to the guidance only two or three times (or less)
during the third and the fourth discussion sessions. Also, some of them
mentioned that they referred to only the first page of the guidance where a list of
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different types of challenges was provided as a table of contents, but did not
refer to the detailed guidelines for generating effective challenges.
Students' limited uses of the on-line guidance might be due to a failure of
effective training of students on how to use the guidance or how to generate
challenges. In King's successful studies (1991, 1994), she gave a formal session of
direct instruction on how to generate effective questions using a list of question
stems before they actually participated in peer conversations. It is often the case
that instructors in on-line settings cannot control students' learning activities as
much as they can in on-site settings. In on-line classroom settings, for example,
instructors can only make announcements to students encouraging them to refer
to the on-line training or to use given strategies. So their training in using the
strategies and their use of on-line resources is largely voluntarily, unless
instructors offer other incentives such as grade points. In fact, the on-line
instructor in this study encouraged students in the treatment group to refer to
and use the on-line guidance by sending them e-mail notices twice during the
third and fourth discussion sessions. However, this approach might be
insufficient to encourage students to use the on-line guidance. In addition, due to
the research purpose, this on-line guidance was not provided at the beginning of
the semester. Rather, it was given to students in the middle of semester, during
the third and fourth discussion sessions. As reported by one of the interviewees,
students might think that it was an additional activity beyond the course
requirements. Therefore, although the use of the on-line guidance could help
learners to generate more challenges, students who did not pay attention to the
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detailed strategies could not be scaffolded to improve the quality of their
challenges.
Then, for successful treatment of on-line guidance, it is essential for
students to first access and learn the given cognitive strategies for generating
effective challenges and then to use and alter the given examples for their own
situations. One possible way to better support students in using on-line guidance
is to change the interface design. In other words, students’ specific activities
could be prompted through particular interfaces on the screen (Scardamalia,
Bereiter, McLean, Swallow, & Woodruff, 1989). The on-line guidance, for
example, could be designed to open automatically whenever students opened
the discussion window. Also, it could be possible to provide a template for
students to generate effective challenges (like a web-based form) that requires
them to go through each cognitive step in order to generate and post their
challenges. However, one trade-off is that students might prefer more control
over their responses without being forced to view the guidance or to go through
all the steps for every posting. In addition, a sophisticated interface such as online templates may reduce the feasibility of large-scale use of the on-line
strategies because instructors might find it difficult to incorporate such interfacedependent strategies into the generic discussion tools they use currently.
Another simpler way to support students in using the given on-line
guidance is to provide a formal on-line training session on the questioning
strategies and require all students to go through the training before discussion
starts. There might be a variety of ways to encourage students' participation in
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the training, such as testing students’ knowledge and giving extra points. For
more effective training, it could be possible to provide not only text-based
guidelines but also interactive on-line instructional methods allowing them to
practice the strategies; however, it should be considered that there may be an
inverse relationship between the complexity of on-line training and the feasibility
of large-scale use of it.
In summary, the current experimental study showed an improvement in
the quality of challenges but not in their quality. In the interviews, however,
students reported that their use of the on-line guidance helped them to improve
their challenge behaviors in both quantity and quality. The failure of this quality
improvement of challenges in the experimental study might be due to the limited
use of the on-line guidance.

The Role of Peer-Challenges in Knowledge Construction
The peer-challenge model suggests that once learners receive meaningful
challenges to their initial opinions from their peers, these challenges should
trigger learners' cognitive dissonance, which in turn triggers a conscious
cognitive process to reflect, re-construct, and enhance existing understanding
(see Figures 1-1, 1-2, and 5-1).
The results of this study provide reasonable support for this assumption
in the model, although there were failures to show statistically significant
improvements in learning outcome measures. In the interview data, it was
discovered that students who received thoughtful and meaningful challenges
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experienced cognitive dissonance that pushed them to reflect upon their
understanding, articulate their lack of knowledge, and finally search necessary
information to reconstruct their knowledge.
The generic steps, based on the interview data, that learners may follow in
the process of answering peers’ challenges are described in Figure 5-2. The solid
lines indicate the challenge-receiver’s external activities as described by the
interviewees: receiving challenges, realizing a lack of knowledge, seeking
necessary information, and answering the challenges. The dashed lines indicate
the internal thinking steps that the receiver may follow in the process of
answering challenges.
As illustrated in Figure 5-2, when learners received thoughtful challenges
(questions) from peers, they realized that they did not know the answers. The
realization of their lack of knowledge indicates that they reflectively thought
about their own knowledge before and after the realization (Chi, Lewis,
Reimann, & Glaser, 1989). After realizing that they did not know an answer, they
searched all available resources for the necessary information. The informationseeking activity indicates that they did articulate what information they needed
to find (Jonassen, 2000a). This articulation process may be happening right before
or during the information-seeking activity. Finally, they wrote their answers to
the questions and posted them. In between the information-seeking activity and
writing answers, there may be additional internal procedures such as reconstructing knowledge--that is, linking newly found information to existing
knowledge. Learners seem to check whether they can make sense of what they
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found. If not, they seem to try to re-articulate what additional information is
needed and to seek new information until they develop their knowledge
sufficiently to generate satisfying answers.

Receving a
thoughtful peer
challenge
Relfecting on my
knowledge

Realizing lack of my
knowledge
(I know I don't know an
answer)

Articulating a lack of my
knowledge
(I know what I need to
know)
Seeking necessary
information

No
Re-Construcing my
knowledge

Do I know an
answer for the
question?
Yes
Answering the
challenge

Figure 5-2. A process of answering peers’ questions.
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Therefore, the results suggest that after receiving qualified questions or
challenges, participants naturally followed essential procedures for meaningful
learning: reflection on their own knowledge, articulation of a gap between what
they know and what they are supposed to know, and search for necessary
information to fill the knowledge gap. The process of knowledge construction
found in this study is consistent with constructivists’ beliefs about learning
(Bruner & Weinreich-Haste, 1987; Jonassen & Land, 2000; Jonassen, Peck, &
Wilson, 1999; Piaget, 1985). This result implies that qualified, thoughtful
challenges or questions from peers could be catalysts in a process of constructing
and reconstructing knowledge during discussion.

Effects of the On-Line Guidance on Learning
Memory and Comprehension
In order to identify how the use of on-line guidance affected students'
memory and comprehension, a series of multiple-choice tests (pre-, post-,
delayed-, and transfer tests) were administered. However, there were no
significant differences between the treatment and control groups in the multiplechoice tests designed to measure memory and comprehension. Although this
result is consistent with Foote's study (1998) that showed no effects of King's
questioning strategy in a face-to-face college setting, there are several possible
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reasons that explain this finding in the current on-line class setting. Unlike King's
studies (1990, 1994), the use of on-line discussion in the current study was not
intended to cover all content that was measured on the multiple-choice tests.
Rather, this on-line discussion was used as a strategy to encourage self- and
collaborative learning. In King's studies, the peer-questioning session
immediately followed a lecture session. In the peer questioning sessions, learners
took turns in the questioning and answering roles within their pairs by using a
given list of question stems. During this interaction, they dealt with content just
lectured by an instructor. Right after the conversation, posttests were
administered. So, King’s study measured learning outcomes more directly and
immediately.
In the current study, however, students studied 10 lesson modules
(chapters) on turfgrass for approximately six weeks along with the two treatment
sessions of discussion. Then, they took a multiple-choice posttest. In each session
of discussion, each student in a small group of five or six members was assigned
a different essay question to lead a group discussion. Thus, during the two
discussion sessions, they could discuss only about 10 to 12 essay questions,
which was insufficient to cover all 10 lesson modules. Remaining content was
studied independently through the on-line lesson modules and a given textbook.
Therefore, the on-line discussion may not have influenced their multiple-choice
performance as directly as did the paired conversation in King's studies. In
consequence, the effect of peer-challenge strategies on the multiple-choice test
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may be shadowed by the influence of other randomized factors such as selflearning strategies, prior knowledge, or the amount of learning time.

Knowledge Change in the Open-Ended Essay
The results of the open-ended essay question measures were slightly
different from the results of the multiple-choice measures, although they also
failed to show statistically significant differences between the treatment and
control groups. Unlikely multiple-choice measures, open-ended essay questions
could measure more directly the effects of the on-line guidance for peerchallenges on the students’ learning outcomes. Open-ended essay questions were
assigned to individual students for them to write their initial answers within a
week. Then the students revised their answer to the identical questions after one
week's small group discussion on the given questions. The initial, final, and gain
scores were used in order to identify the effect of peer-challenge strategies in
discussion on the leaning outcome. Although no statistically significant
differences in these scores between the two groups were found, the learning
curve of the two groups provided another interpretation in favor of the effect of
the on-line guidance. The graph of the open-ended essay scores in Figure 4-3
showed that students in the treatment group slightly outperformed students in
the control group in the initial and final answers during the treatment sessions.
Although the superiority of the treatment group began at the initial answer of
the third discussion session when the treatment was given immediately
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following, the superiority was stable until the final answer of the fourth
discussion session when the treatment was removed.
Interestingly, the gain scores from the initial to the final scores were
almost identical between the treatment and the control groups. For example, the
means of the gain scores of the treatment and the control groups were 1.19 and
1.09 in the third discussion and 1.75 and 2.00 in the fourth discussion,
respectively. As described above, however, the treatment group always had
higher initial scores (M= 9.40 and 11.42 in the third and fourth discussion) as
starting points than the other group had (M = 7.73 and 9.92 in the third and
fourth discussion). In other words, as shown in Figure 4-3, the two groups draw
parallel lines from each initial to final score in the third and the fourth
discussion, while the treatment group lines were always located above the
control group lines. In general, it may be more difficult for students who have
higher initial scores to increase a certain amount of their scores from the initial
point than it would be for students who have initially lower scores to increase
the same amount of their scores (Gall et al., 1996). With respect to this matter, the
almost identical gain scores from different initial points should be given different
weight. Therefore, the identical gain scores between the two groups may imply
that the treatment group students performed better than the control group
students in their revision activities.
In addition, as described in the previous section, the quality of the
challenges, such as the clarity of the challenges and the rationale of these
challenges generated in the treatment group, did not show any difference from
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those generated by the control group, although the frequency of challenges in the
treatment group was significantly increased. According to King's study (1990),
the quantity and quality of peer-generated questions might be important
intermediate factors for effective learning. For example, the results of King’s
study (King, 1990) revealed that students in a guided group generated better
quality questions (critical questions instead of recall questions) as well as a
higher frequency of total questions than did students in a control group. In fact,
similar results were also found from a different analysis in the current study. The
correlation analysis, in which all students from both the treatment and the
control group were included, revealed that the students who received more
clarification or elaboration questions showed higher gain scores in the openended essays in the third discussion (r = .412, p < .05), and students who received
more context- or perspective-oriented questions also showed higher gain scores
in the open-ended essay in the fourth discussion (r = .444, p < .01). This shows
that the quantity of certain types of qualified challenges related to the learning
outcome. Therefore, if the quality of challenges is an important factor in the
process of the receiver's thinking process along with the quantity of challenges,
then the effect of the challenges on learning might not be detected by the
quantity improvements of the challenges alone. Thus, the effect may not have
enough power to show statistically significant improvement in the students’
learning in this particular experimental design, the treatment and control group
comparison.
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Another possible reason why the effect of the on-line guidance on the
learning outcomes did not appear in the quantitative results is that the effect
might be mediated by the prior knowledge of the participants. The participants
in this study were on-line students who took a course entitled The Turfgrass
(Turf 235). This course was an introductory undergraduate course in the
turfgrass management track. As mentioned in chapter 3, potential participants
might be either part- or full-time students who were pursuing a degree or a
certificate. Hence, it was assumed that the majority of the students would be
novice learners who were beginning study in this field. However, the results of
the survey, to which 12 students responded among 39, revealed that all 12
students had prior experience in the field of turfgrass management ranging from
4 to 11 years, although it was unclear if they had taken a formal class on this
topic or in a related area before.
Prior knowledge or experience can mediate learning outcomes. As
Vosniadou and Ortony (1989) pointed out, prior knowledge often becomes a
starting point for learning something new. For example, in analogical reasoning
as used often in everyday learning, identifying the most relevant source of
information from existing memory is crucial for successful learning of new
information. In general, integrating new information into prior knowledge is an
essential step in a process of knowledge construction. According to Mayer's SOI
(selecting, organizing, and integrating) model (Mayer, 1999), learners select
relevant information from the given content, then organize the selected
information into a verbal and pictorial representation in their working memory,
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and finally integrate the multiple representations with their prior knowledge in
order to construct meaning from the information. Thus holding and activating
appropriate prior knowledge is essential for further learning.
With respect to this perspective, the prior knowledge of the participants in
this study might have influenced the learning effects of the treatment, because a
large percentage of the participants already had a certain level of prior
knowledge of turfgrass management from their prior experience ranging from 4
to 11 years in the field. In addition, with respect to the fact that different levels of
prior knowledge also can mediate learners' own questions on new topics
(Miyake & Norman, 1979), the participants might not have experienced
difficulties in generating questions or answers as much as novice learners might
experience during peer interaction. Therefore, the participant's higher level of
prior experience might have interfered with the effects of the on-line guidance
that was expected to be more salient in actual novice learners who had limited
prior knowledge in a new domain.

The Value of Peer Challenges and the On-Line Guidance
In summary, as proposed in the peer-challenge model, students who
received more meaningful challenges tended to realize their lack of knowledge
and to reflect more intentionally on their current understanding. Thus, critical
and effective challenges from peers seem to initiate and guide the receiver's
metacognitive activities such as recognizing their knowledge gaps, which may
not easily be identified by novice learners independently (Land, 2000). In fact,
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awareness of knowledge limitations is a crucial ability appearing in high
achievers to initiate self-explanation (Chi et al., 1989), a necessary thinking
process for effective learning. Perhaps peer questions helped students who might
not have otherwise recognized knowledge limitations to induce self-explanation.
Once learners detect their lack of knowledge, they can then articulate what they
need to know, search for additional information to reconstruct their opinions,
and then reply to their peers' challenges. Therefore, in order to initiate this
meaningful cycle of knowledge construction during on-line discussion, both the
quality and the quantity of peer challenges are essential.
Overall, the quantitative findings did not support the effectiveness of the
on-line guidance in the discussion activities and the learning outcomes.
Although it is possible that the treatments were ineffective, there is partial
evidence from the qualitative data that supports the effectiveness of the
guidance; rather, there might be other possible reasons that could explain the
failure of this study to find support for the research hypotheses. One possible
explanation that is derived from the qualitative findings is related to students’
limited use of the on-line guidance. This was due to a failure of this study to
provide appropriate training to the students in using the on-line guidance before
the experiment and instead, the students were left to refer the on-line guidance
voluntarily. As a result, the students did not refer to the on-line guidance
frequently, so the treatment effect could not be detected. In addition, the
students’ relatively high level of prior knowledge and the small sample size
might even dilute the effects of the on-line guidance.
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Implications

Implications for Instructional Design
There are several implications from the results of this study for
instructional design of on-line discussion.
Design of On-Line Guidance Interface
The current study showed that students often experience difficulty in
generating meaningful challenges in discussion when they feel that they have a
lack of knowledge on the given topic. In order to reduce this difficulty and to
facilitate effective peer interaction in on-line discussion, instructors or
instructional designers may consider providing on-line guidance for generating
effective peer challenges.
The on-line guidance should include a detailed description of cognitive
strategies or steps on how to generate challenges to one’s peers in a certain
situation, and generic or specific examples of questions in the particular situation
(see Appendix F). This guidance may help students to generate more meaningful
challenges to their peers, which in turn may facilitate the receivers in reflecting
on their understanding (King, 1990; Scardamalia & Bereiter, 1991; Scardamalia,
Bereiter, & Steinbach, 1984). When instructors or instructional designers provide

185
on-line guidance to students, they should use simple Web-pages linked from a
convenient location. In the current study, the on-line guidance was linked from a
discussion window where students posted their ideas. In order for students to
refer to the guidance, they had simply to click the link to open the guidance page
in a new window where they could then navigate their way through the details
of the guidance. This simple approach in the interface will increase the feasibility
of the on-line guidance in large-scale contexts because it allows instructors to
customize this strategy for their own contexts and to incorporate this into any
type of generic discussion tool. Using pre-specified templates such as Web-based
forms to generate questions might also be a good strategy for effective training in
the required skills or knowledge, but this interface-dependent approach may be
incompatible with generic discussion tools and hence reduce the feasibility and
the flexibility of the on-line strategies.

Management of On-Line Discussion
The current study showed that the increased quantity of peer-generated
challenges alone may not be sufficient to facilitate the receiver's reflection on
their knowledge. This implies that both the quantity and quality of a peergenerated challenge were important in order to facilitate the receiver in thinking
reflectively and reconstructing their knowledge meaningfully. Therefore, in online discussions, instructors need to highlight students’ generation of challenges
in terms of their quality and quantity. In class, on-line instructors may want to
count both the quality and quantity of challenges for students' final grades. In
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addition, it is important to make sure that all students are familiar with the online guidance before discussion begins, so they know the strategies or are at least
able to refer to the strategies when needed. Instructors may consider requiring
students to learn how to use the on-line guidance as a separate graded
assignment prior to beginning on-line discussion.
In addition, for effective on-line asynchronous discussion, exchanging
ideas in a timely manner appears to be an important factor. The results of the
current study showed that late responses prevented students from participating
in meaningful discussion. In order to resolve this problem, instructors or
instructional designers should provide specific rules about time frames for
discussion and consider giving penalties to students who do not adhere to the
suggested time frames.

Development of Effective Discussion Topics or Questions
The current study suggested that a certain degree of ill-structureness
(flexibility) and complexity of the initial discussion questions or problems is
critical for students to interact more dynamically in on-line discussion. Jonassen
(2000b) suggested that "problems" can be varied in their structure, complexity,
and abstractness. So, different types of problems require different cognitive
processes to solve them. In the current study, when assigned problems
(questions for discussion) were well-structured, had a single path of solution,
and were answered correctly by peers, the resulting discussion was not effective
unless peers generated context- or perspective-oriented challenges (e.g., like
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"what if" questions) that changed the nature of the original problems. Thus,
instructional designers or instructors need to develop discussion questions or
problems that can be interpreted from multiple perspectives and answered in
multiple ways in order to have more interactive discussion.

Implications for Further Research
The current study investigated how on-line guidance effectively facilitated
on-line peer interactions in on-line discussion, resulting in better learning
outcomes. It was shown that the use of the guidance could assist students in
generating more challenges. However, the current research design failed to show
statistically significant effects of the intervention on the learning outcomes,
although there were partial evidences to support the effectiveness in various
aspects. As discussed earlier, one possible reason for this failure might be that
the participants' prior experience with turfgrass management influenced the
results. Since prior knowledge or experience influences learning (Mayer, 1999;
Vosniadou & Ortony, 1989), the effect of the on-line guidance might have been
overspread by the learning effect of their higher level of prior experience.
Therefore, future research should focus on investigating how on-line guidance
for generating peer-challenges affects learning through different levels of prior
knowledge or experience. Similarly, it might also be interesting to identify how
different levels of metacognitive skills intermediate between the on-line guidance
for generating peer challenges and learning outcomes.
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Another possible explanation for this failure in this experiment was that
the limited use of the on-line guidance and/or the small size of sample reduced
the effect size. The voluntarily use of the on-line guidance in this study might not
have been enough to facilitate serious learning and use of it. Therefore, some
students in the guidance group might not have had an appropriate level of
proficiency in using the peer-challenge strategy before they began participating
discussion. In addition, the sample size was 19 and 20 in the treatment and
control groups, respectively. The combination of these factors may have diluted
the learning effects of the treatment. Thus, in further research it will be valuable
to re-test the effect of on-line guidance for generating peer-challenges with a
larger sample size and more effectively designed research in terms of students'
use of on-line guidance.

In order to develop more effective on-line guidance for generating
effective peer-challenges, in future research, it may be important to identify how
specific types of challenges affect the receiver's thinking process in reflecting and
reconstructing knowledge during on-line discussion. This might provide more
specific implications for the design and development of on-line guidance for
generating effective peer-challenges in terms of what kinds of challenges
instructional designers or instructors should help students to generate in order to
enhance their learning through peer interactions.
Expanded, in-depth qualitative investigations on the process of peer
challenge using the guidance should also be worthy of further research. In the
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current study, a mixed research design including both qualitative and
quantitative investigation was employed. Although the qualitative data results
showed how students used the guidance for generating effective peer challenges
in a process of generating their own questions, the qualitative data was based
primary on interviews with a very small sample size. Thus, a deeper level of
observation of their interactions and an in-depth analysis of their thinking
process from various points of view need to be followed to confirm the process
of peer challenging found in this study. Also, this expanded study can show a
deeper insight into how students use the given strategies and how individual
differences among the students, such as prior knowledge, change their ways of
incorporating guidance and influence a process of generating challenges in
discussion. This type of user-analysis study can provide meaningful implications
for interface design as well as instructional design for effective on-line guidance.

Design experiments for successive redesign of the on-line guidance
guidance may also be a valuable approach in further research (Brown, 1992;
Collins, 1992; Hawkins & Collins, 1992). In order to integrate a technology-based
innovation into actual school settings, this innovation needs to be deployed
through successive trials in the dynamics of school settings instead of merely
studying the effectiveness of isolated factors separated from school contexts
(Collins, 1992). Based on the current study, a series of successive experiments
could be established to redesign the current on-line guidance in order to increase
the feasibility of it. Through this process, valuable data from various sources,
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such as students, teachers, administers, technology supports, and so on, can be
collected and used to find ways to improve the innovation and incorporate it into
real contexts successfully.

In order to facilitate effective peer interaction in on-line discussion,
instructors' modeling and scaffolding should be also important. Previous studies
on reciprocal teaching in face-to-face situations (Brown, 1989; Palincsar, 1986;
Palincsar & Brown, 1984) suggested that instructors' modeling through verbal
interactions helps students to internalize self- and peer questioning skills for
monitoring comprehension and leading interactive conversation. In addition,
some other studies (Brown & Palincsar, 1987; Palincsar, Brown, & Martin, 1987)
indicated that trained student-tutors can also teach other peers those questioning
skills through modeling them. In the current study, where it was focused on
identifying the effects of the on-line guidance on learning and discussion
activities, various instructor-related factors were eliminated. Therefore, in further
research it will be worth investigating the effects of instructors' or trained
student-tutors' on-line modeling on further interactions among students in
discussion and their learning outcomes.
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APPENDIX A
Instruments Designed to Measure Memory and Comprehension

A-1. Item Analysis of Multiple-Choice Memory and Comprehension Test
According to Lessons and Levels of Learning
A-2. Categories for Classifying Multiple Choice Test Items
A-3. Sample Multiple-Test Items for Each Category of Learning
A-4. Results of Pretest Reliability Test
A-5. Results of Post-test Reliability Test
A-6. Results of Delayed-Test Reliability Test
A-7. Results of Transfer-Test Reliability Test t
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A-1. Item Analysis of Multiple-Choice Memory and Comprehension Test
According to Lessons and Levels of Learning
Tests
Lessons \ levels of learning
1. A Campus Walk
2. Up Close and Personal
3. Watching Grass Grow:
Vegetatively
4. Watching Grass Grow:
Reproductively
5. An Atmosphere for
Change
6. Beneath the Surface
7. Making a New Turf
8. Feeding the Grass
10. Water Water Everywhere
11. A Cut Above
12. A Cut Below
13. Smoothing the Surface
14. Better Watch Those
Pesticides
15. Too Many Weeds
16. It's a Disease!
17. Those Pesky Animals
18. A Climate for Turf
19. What's in a Name?
21. Exploring the Blues
22. Exploring the Ryes
23. Exploring the Fescues
24. The Good Fungi
25. Exploring the Bentgrasses
26. Exploring the
Eragrostoids
27. Exploring the Panicoids
28. Manipulating Those
Genes
29. Ersatz Grass
Sub Total
Total

T

Pre-test
F M C

3
3
4

1
4
7

.
.
.

1
.
.

2

6

.

1

2

.

1

.

.
2

4
2

.
0

.
3

16

24
1
46

5

T

Post-test
F M C

Delayed-test
T F M C

.
.
1

4
4
.

.
2
3

.
.
1

1
.
.

4
2
1

.
.
.

.
.
2

.
.
.

1
1
.

2
.
1

3
.
3

1
1
.

.
.
2

.
.
.

1
1
.

.
2
1
.
2

3
3
.
.
6

.
1
.
.
.

.
.
2
.
.

.
.
.
2
.

.
1
.
.
2

2
.
.
.
.

.
.
3
.
.

6

22

9
46

9

5

12

2
26

7

T

Transfer
F M
C

1
(1)
(1)
(1)
(1)
(1)

5
3
1(3)
(3)
(3)
1

3
1
1
1
.

21
(21)
(21)
1(21)
1(21)
5(9)

(1)
.

.
.

.
.

2(9)
.

.
1

.
7

.
6

.
30

44

T: Knowledge of Terminology
F: Knowledge of Fact
M: Knowledge of ways and Means dealing with specifics
C: Comprehension or Concepts
(Number): Indicating the number of item(s) that is (are) overlapped with other lessons.
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A-2. Categories for Classifying Multiple Choice Test Items
Category
Sub-categories
Knowledge of specifics Terminology
(Blooms et al., 1956)
Facts
Knowledge of ways
and means of dealing
with specifics
(Blooms et al., 1956)

Comprehension or
Concept (Gagne, et al.,
1996; Blooms et al.,
1956)

Explanation
Knowledge of the referents for specific
symbols (verbal and nonverbal)...
Knowledge of dates, events, persons,
places, etc
Conventions
Knowledge of characteristic ways of
treating and presenting ideas and
phenomena.
Trends and
Knowledge of the processes, directions,
Sequences
and movements of phenomena with
respects to time
Classifications
Knowledge of the classes, sets, divisions,
and Categories
and arrangements that are regarded as
fundamental for a given subject field,
purpose, argument, or problem.
Criteria
Knowledge of the criteria by which facts,
principles, and conduct are tested or
judged.
Methodology
Knowledge of the methods of inquiry,
techniques, and procedures employed in a
particular subject field as well as those
employed in investigating particular
problems and phenomena.
• Producing a correct definition of a concept
• Producing a new or novel example of a concept
• Identifying exemplars and non-exemplar of concept
(Jenkins & Deno, 1971)
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A-3. Sample Multiple-Test Items for Each Category of Learning

Category
Knowledge of specifics
(Terminology)

Sample item
01. The number of turfgrass aerial shoots per unit area is the:
a. verdure
b. texture
c. density
d. yield

Knowledge of specifics
(Facts)

02. Three types of growth habits occurring in turfgrasses are:
a. bunch-type, rhizomatous, and smooth
b. bunch-type, dispersed, and open-textured
c. bunch-type, stoloniferous, and rhizomatous
d. bunch-type, creeping and and subterranean

Knowledge of ways
and means of dealing
with specifics
(Methodology)

Comprehension
/Concept

34. Cultural practices for sustaining shaded turfs are:
a. lowering mowing height and increasing N fertilization
b. raising mowing height and decreasing N fertilization
c. lowering mowing height and decreasing N fertilization
d. raising mowing height and increasing N fertilization
30. Which one of the following is NOT a primary type of grass
inflorescence.
a. panicle
b. raceme
c. spiklets
d. spike
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A-4. Results of Pretest Reliability Test
No.

Item number

Mean

Std Dev

Cases

Alpha if Item Deleted

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.

I1
I2
I3
I4
I5
I6
I7
I8
I9
I10
I11
I12
I13
I14
I15
I16
I17
I18
I19
I20
I21
I22
I23
I24
I25
I26
I28
I29
I30
I31
I32
I33
I34
I35
I36
I38
I39
I40
I41
I42
I43
I44
I46
I47
I49
I50

0.8837
0.8605
0.9767
0.907
0.7209
0.907
0.6512
0.2558
0.6047
0.5116
0.7907
0.8605
0.7442
0.907
0.8837
0.7442
0.7442
0.6279
0.6279
0.5581
0.4651
0.2558
0.9767
0.5581
0.5581
0.5581
0.8605
0.4419
0.6512
0.4651
0.6512
0.8372
0.8605
0.814
0.8605
0.8372
0.5814
0.6047
0.9535
0.8372
0.9767
0.9302
0.907
0.2791
0.5349
0.6512

0.3244
0.3506
0.1525
0.2939
0.4539
0.2939
0.4822
0.4415
0.4947
0.5058
0.4116
0.3506
0.4415
0.2939
0.3244
0.4415
0.4415
0.4891
0.4891
0.5025
0.5047
0.4415
0.1525
0.5025
0.5025
0.5025
0.3506
0.5025
0.4822
0.5047
0.4822
0.3735
0.3506
0.3937
0.3506
0.3735
0.4992
0.4947
0.2131
0.3735
0.1525
0.2578
0.2939
0.4539
0.5047
0.4822

43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43

0.7486
0.7393
0.7484
0.7476
0.7473
0.7453
0.7603
0.7466
0.7335
0.7426
0.7563
0.7552
0.7458
0.7458
0.7495
0.7448
0.7357
0.7341
0.7535
0.7566
0.7577
0.7598
0.7506
0.7296
0.7363
0.7392
0.7464
0.7341
0.7347
0.7564
0.7561
0.7412
0.7473
0.7435
0.7445
0.7417
0.7364
0.7395
0.7459
0.7526
0.747
0.7457
0.7476
0.7618
0.7534
0.7504

The number of items = 46
Scale mean = 32.6744

Item mean = .7103
Scale Std. Dev. = 5.4586

Alpha = .7508
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A-5. Results of Post-test Reliability Test
No.

Item number

Mean

Std Dev

Cases

Alpha if Item Deleted

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.

I1
I2
I3
I4
I5
I6
I7
I8
I9
I10
I11
I12
I13
I15
I17
I18
I19
I21
I22
I23
I25
I26
I27
I28
I29
I30
I31
I32
I33
I34
I35
I36
I37
I38
I39
I40
I41
I42
I43
I44
I45
I46
I47
I48
I49
I50

0.6579
0.7105
0.6579
0.5526
0.8158
0.8947
0.8947
0.6579
0.6579
0.7368
0.9737
0.9211
0.5526
0.6842
0.7895
0.6842
0.3947
0.9211
0.8421
0.8947
0.7632
0.6842
0.6053
0.7105
0.9474
0.7895
0.3421
0.8421
0.9474
0.9474
0.9737
0.7895
0.8684
0.9474
0.6842
0.7895
0.6842
0.9474
0.5
0.8684
0.8158
0.2368
0.6053
0.5789
0.9474
0.8947

0.4808
0.4596
0.4808
0.5039
0.3929
0.311
0.311
0.4808
0.4808
0.4463
0.1622
0.2733
0.5039
0.4711
0.4132
0.4711
0.4954
0.2733
0.3695
0.311
0.4309
0.4711
0.4954
0.4596
0.2263
0.4132
0.4808
0.3695
0.2263
0.2263
0.1622
0.4132
0.3426
0.2263
0.4711
0.4132
0.4711
0.2263
0.5067
0.3426
0.3929
0.4309
0.4954
0.5004
0.2263
0.311

38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38

0.7364
0.7379
0.7479
0.7499
0.7457
0.7461
0.7531
0.7351
0.7434
0.7581
0.7534
0.7465
0.7432
0.7495
0.745
0.7565
0.7447
0.7566
0.7533
0.7563
0.7454
0.7473
0.7357
0.7531
0.7485
0.7537
0.7621
0.76
0.7511
0.7522
0.7503
0.7548
0.7462
0.7522
0.7439
0.761
0.7422
0.7532
0.7472
0.7412
0.7479
0.7618
0.7496
0.7473
0.7594
0.7483

The number of items = 46
Scale mean = 34.6053

Item mean = .7523
Scale Std. Dev. = 5.3096

Alpha = .7537
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A-6. Results of Delayed-Test Reliability Test
No.

Item number

Mean

Std Dev

Cases

Alpha if Item Deleted

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.

I18
I19
I81
I86
I87
I20
I21
I73
I77
I78
I79
I80
I83
I84
I89
I90
I94
I91
I92
I75
I76
I85
I88
I93
I95
I96

0.973
0.9189
0.9189
0.9459
0.973
0.5405
0.4324
0.8108
0.8378
0.4865
0.4595
0.5135
0.7297
0.7027
0.8649
0.973
0.9189
0.4595
0.8378
0.8108
0.8649
0.7027
0.8919
0.8919
0.7297
0.3243

0.1644
0.2767
0.2767
0.2292
0.1644
0.5052
0.5022
0.3971
0.3737
0.5067
0.5052
0.5067
0.4502
0.4634
0.3466
0.1644
0.2767
0.5052
0.3737
0.3971
0.3466
0.4634
0.3148
0.3148
0.4502
0.4746

37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37

0.6956
0.709
0.6997
0.704
0.7019
0.6855
0.6679
0.6894
0.7138
0.6763
0.6673
0.6919
0.694
0.6841
0.6983
0.7095
0.6864
0.677
0.7077
0.7027
0.6999
0.7154
0.6934
0.6831
0.699
0.6989

The number of items = 26
Scale mean = 19.5135

Item mean = .7505
Scale Std. Dev. = 3.5089

Alpha = .7031
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A-7. Results of Transfer-Test Reliability Test t
No.

Item number

Mean

Std Dev

Cases

Alpha if Item Deleted

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.

I54
I25
I26
I33
I49
I53
I69
I70
I63
I64
I65
I66
I67
I68
I23
I24
I27
I28
I29
I30
I31
I32
I34
I35
I36
I39
I40
I41
I42
I43
I44
I45
I46
I48
I50
I51
I52
I55
I56
I57
I58
I59
I61
I62

0.5676
0.5405
0.7027
0.8649
0.8919
0.7027
0.9189
0.7297
0.7297
0.6486
0.6757
0.6757
0.7027
0.6757
0.7027
0.3784
0.5676
0.5676
0.6757
0.6486
0.6486
0.5405
0.7297
0.5405
0.7838
0.6216
0.5135
0.7297
0.6757
0.8108
0.1351
0.6216
0.7568
0.6486
0.4865
0.5676
0.3784
0.5946
0.5676
0.6757
0.5135
0.8378
0.7838
0.5135

0.5022
0.5052
0.4634
0.3466
0.3148
0.4634
0.2767
0.4502
0.4502
0.484
0.4746
0.4746
0.4634
0.4746
0.4634
0.4917
0.5022
0.5022
0.4746
0.484
0.484
0.5052
0.4502
0.5052
0.4173
0.4917
0.5067
0.4502
0.4746
0.3971
0.3466
0.4917
0.435
0.484
0.5067
0.5022
0.4917
0.4977
0.5022
0.4746
0.5067
0.3737
0.4173
0.5067

37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37

0.8665
0.8608
0.8599
0.8619
0.8631
0.857
0.8649
0.8637
0.8613
0.8609
0.8648
0.8615
0.8554
0.8596
0.859
0.8584
0.8558
0.8684
0.858
0.8604
0.8596
0.8542
0.8607
0.8596
0.8626
0.864
0.8567
0.8583
0.8654
0.8665
0.8691
0.8645
0.8658
0.8667
0.8622
0.8618
0.8639
0.8612
0.8553
0.8692
0.8679
0.8651
0.8617
0.8689

The number of items = 44
Scale mean = 28.2432

Item mean = .6419
Scale Std. Dev. = 7.8259

Alpha = .8649

APPENDIX B
Initial Questions for Five Sessions of Small Group Discussion
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Questions for the first discussion session
Question
No.
1

Content of Question
At a local Rotary Club meeting a member seated at your table makes the
following statement: "turf is of no real importance and modern society could
get along just fine without it." Aware of your expertise in the subject, the
others seated at your table direct their attention to you. One asks: "Do you
agree with what he just said?" In your response list five sites within or
adjacent to the city where turf is important and explain why it is important
in each of the five sites.

2

While walking down the center of a fairway at an exclusive country club in
your locale, a golfer approaches you and says: "I wish my lawn at home
looked as nice as this turf." Assuming the golfer's lawn was typical of that
found in your community, how would you respond to his apparent quest
for a substantially higher quality lawn? Be sure to include in your response
the visual and functional quality criteria.

3

A professional colleague complains that his tees don't recover well
following play. He asks you to take a look and provide some guidance on
what he might do to improve their quality. In your response explain how
poor management can substantially reduce the recuperative capacity of a
turf?

4

5

6

A neighbor asks you to take a look at his lawn and identify the various
species present. With respect to leaf-blade characteristics, in what ways can
the bluegrasses be distinguished from other cool-season (i.e., ryegrasses,
fescues and bentgrasses) turfgrasses?
You noticed that a young member of your crew extracted a grass plant from
a section of sod he had just planted and examined it closely before placing it
in his pocket. Later, while driving to the maintenance building, he pulled
the specimen from his pocket and commented that grass plants appear quite
different from trees and other landscape plants. How would you describe
the various organs and other visible features used to characterize and
distinguish turfgrasses?
In a conversation about turf, you mention the term "ecosystem" in your
comments. One of the participants then asks: "What is a turfgrass
ecosystem?" How would you respond to her question?
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Questions for the second discussion session
Question
No.
1

2

3

4

5

6

Content of Question
A member at your golf course approaches you with some questions about lawn
care. Apparently he's done some reading as, in the course of the exchange, he asks
you to distinguish between the vegetative growth of turfgrass rhizomes and aerial
shoots. In your careful response, be sure to include the important differences in
leaf, stem and adventitious root formation.
Your daughter has been preparing for a botany exam on anatomy. Because of your
expertise in this subject and her interest in grasses, she asks to explain the difference
between the apical meristems found at the root tip and in the growing point of a
vegetative aerial shoot. How would you respond?
A professional football player whom you've just met states his preference for real
grass over artificial turf. One of the differences he points out is the cooler
temperatures above real turf. Knowing that you are an expert on this subject, he
asks you to explain why this is so. In responding to his question, be sure to explain
heat exchange processes and the special role that transpiration plays in maintaining
turfgrasses within physiological temperatures.
Your greens chairman asks about the condition of #14 tee and why its quality is so
much lower than that of the other tees on the course. You respond that this tee has a
shade problem. Since this tee obviously receives some light during the day, he
expresses some skepticism about your answer. In your scientifically sound (but
respectful) response, list and explain the effects of light to moderate shade on the
growth of turfgrasses and propose changes in the cultural program for optimizing
the persistence and quality of shaded turfs.
Following a heavy rain, one of the golfers at your club approaches you and points
out the standing water visible in depressions on one of the few remaining push-up
greens. He asks: "Can't you punch some holes in that green so that it drains as well
as the newer (USGA-type) greens." As it's obvious that he wants a detailed answer
and is willing to stay and listen , help him to understand the difference between
sandy and clayey soils with respect to the retention and movement of water
through the pore spaces. Then, explain what perched and temporary water tables
are and how they might occur in soil profiles characterized by sharply differing
textural layers.
In interviewing for a job as superintendent on a golf course following the retirement
of the old superintendent, your inspection of the fairways reveals that the thatch
thickness ranges from one to nearly two inches. The owner is somewhat surprised
to learn that there is a thatch problem, as the fairways have always looked good.
Explain to him what thatch is and how it--as well as thatchlike derivatives--can
influence turfgrass growth and turf quality.
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Questions for the third discussion session
Question
No.

Content of Question

1

In designing a nitrogen-fertilization program for your sand-based greens, you have chosen a
water-soluble nitrogen carrier and programmed when and how much of it you will apply
during the growing season. In presenting this program to your director of golf operations, he
expresses his concerns over the possibility of leaching and subsequent accumulation of
nitrate nitrogen in the ground water. In your response, explain the likely fate of nitrogen
applied to this turf and why, in your opinion, groundwater pollution should not be a
problem.

2

Based on discussions with your director of golf operations and his concerns over the
potential for nitrate leaching in your sand-based greens, you decide to explore the
incorporation of slowly available nitrogen carriers in your nitrogen fertilization program.
Provide for him a detailed analysis of the advantages and disadvantages of the following
slowly available nitrogen carriers: UF/methylene ureas, SCU/PCU, and IBDU. Then, select
the one you will choose and provide a convincing justification for your selection.

3

4

During a visit to a golf course in Arizona, you notice how poor the irrigation coverage is on
the fairways. Much of the fairway turf is brown, while green grass is largely restricted to a
series of donut-shapes rings along the centerline of each fairway. First, identify the cause of
this problem and recommend an appropriate solution. Be sure to include in your answer an
explanation of the relationship between operating pressure and patterns of distribution from
sprinkler heads. Then, what advice might you offer to a superintendent from a neighboring
course who complains that, despite having a new, multiple-row, automatic irrigation system,
the infiltration capacity of his heavily trafficked, compacted fairways is only half of the
precipitation rate of the irrigation system and, as a consequence, intensive irrigation
invariably results in sopping wet turf and standing water in low areas.
While inspecting the intermediate rough along a newly established Kentucky bluegrass
fairway, you notice several important differences between the fairway and rough turfs
maintained at mowing heights of one and two inches, respectively. After using your knife to
extract samples from these turfs, you notice some additional differences in visual and
functional quality. First, what are these differences? Second, what are the implications with
respect to the cultural requirements of these turfs? Finally, some of the fairway turf exhibits a
wavy (washboard) pattern with the ridges running perpendicular to the direction of mowing.
What does this indicate? Explain its mathematical basis and influence on turf quality.

5

A salesman asks you for an opportunity to demonstrate a new cultivator that he claims is
"the best thing to come along since sliced bread." He furthermore claims that this cultivator
combines all of the advantages of hollow-tine cultivators and vertical mowers, with none of
the disadvantages. In responding to his claims, list and explain the advantages and
disadvantages associated with hollow-tine cultivation (HTC) of a heavily trafficked, sports
turf. Then, list and explain the advantages and disadvantages associated with vertical
mowing (VM) of a heavily trafficked, sports turf.

6

You've just completed construction of a new series of USGA-type greens to replace the older
push-up greens at your golf course. Now, you've been asked to provide a topdressing
program for these greens. Specify the nature of the topdressing material and the frequency
and intensity of its application. Indicate when topdressing would be done in conjunction
with HTC versus independently. Then, explain the conditions under which rolling might be a
beneficial practice for these greens.
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Questions for the fourth discussion session
Question
No.
1

2

3

4

5

6

Content of Question
An anti-pesticide activist has threatened to picket your golf course because of your
"flagrant" use of pesticides. You invite him into your office to respond to his
questions. Provide him with your overall approach to turfgrass pest management
and discuss the role of pesticides in your pest-management program.
When confronted with allegations by the local press that you are polluting the
environment with deadly pesticides, you decide to meet with reporters and answer
their questions. One asks you if you have any idea of the environmental fate of the
pesticides you are applying. In responding, list and explain the various avenues of
"fate" of pesticides applied to turf.
You have been asked by your greens chairman to illustrate various ways in which
you control pest problems on your golf course. Specifically, he would like you to
list the principal categories of weeds and explain how herbicides might be used for
their control. Then, list three important turf diseases and explain how their severity
might be reduced through methods that do not require the use of pesticides. Finally,
provide two examples each of surface- and subsurface-feeding insects and explain
how they can cause turf damage.
Various locations in North America have the weather indicated in the long-term
average for precipitation and temperature provided in questions a through e below.
Please identify one location in South America, Eurasia or Africa with similar
climatic conditions.
During one of your trips to the southeastern portion of the United States, you
encounter a grass specimen unlike any you've seen before. You notice a perfect
inflorescence emerging from this species. Careful examination reveals that the culm
internodes are solid with vascular bundles scattered within the pith. Also, the
ligules at the base of the leaf blades are membranous. Identify and provide a
detailed characterization the grass subfamily to which this species belongs.
In examining a grass specimen, you eventually determine that it is a species
belonging to the genus: Pennisetum. This species was actually described by Hochst
and named vulgatum; however, he incorrectly placed it in the genus: Paspalum.
Through your efforts, this mistake has been corrected and, as a consequence, your
name will be added as an authority for this species. Provide the new Latin binomial,
including the authorities, for this species and explain each of the components.
Later, a colleague reports that she has had a similar experience; however, her
discovery was of a distinct subspecies rough bluegrass with a bunch-type growth
habit. Her last name is Smith and the subspecies designation is vertica. Provide the
Latin name of this subspecies, including the authorities, and explain each of the
components.
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Questions for the fifth discussion session
Question
No.
1

2

Content of Question
In southeastern Pennsylvania, you are going to establish turf in an area of
rough adjacent to a series of sand traps. Which turfgrass species will you
choose for this purpose? Explain why you made this selection and provide
a cultural program for maintaining this turf. In addition to the species you
selected, which other turfgrasses might also be used for this site?
In southeastern Texas, you are going to establish lawn turf in an area with
many trees that provide light to moderate shade for most of the day. Which
turfgrass species will you use for this purpose? Explain why you made this
selection. Also, explain your cultural program for maintaining this turf. b) In
central Florida, you have been given the responsibility for establishing new
fairways on a golf course catering to "snow birds" visiting from the north.
While play occurs all year, it is especially heavy during the winter months.
Which turfgrass species will you use for this purpose? Explain why you
made this selection. Also, explain your cultural program, including winter
overseeding, for maintaining this turf.

3

In southeastern South Carolina, you will be supervising the installation of
sod in an amusement park. Which turfgrass species will you use for this
purpose? Explain why you made this selection and provide a cultural
program for maintaining this turf. In addition to the species you selected,
which other turfgrasses might also be used for this site?

4

In northern Ohio, you have been given the responsibility for renovating a
deteriorated turf on a football field. Which turfgrass species will you use for
this purpose? Explain why you made this selection and provide a cultural
program for maintaining this turf. In addition to the species you selected,
which other turfgrasses might also be used for this site?

5

In western Nebraska, you are responsible for establishing low-maintenance
utility turf in a series of roadside rest areas. Which turfgrass species will you
use for this purpose? Explain why you made this selection and provide a
cultural program for maintaining this turf. In addition to the species you
selected, which other turfgrasses might also be used for this site?

6

In central Indiana, your firm has been commissioned by the Highway
Department to establish roadside turf along a 30-mile stretch of new
highway. You have been informed that the Department wishes to minimize
the cost of maintaining this turf. Which turfgrass species will you use for
this purpose? Explain why you made this selection and provide a cultural
program for maintaining this turf. In addition to the species you selected,
which other turfgrasses might also be used for this site?
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Scheme for Performance Assessment of Writing
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Discussion #1 and Questions #1
At a local Rotary Club meeting, a member seated at your table makes the following statement:
"Turf is of no real importance, and modern society could get along just fine without it." Aware of
your expertise in the subject, the others seated at your table direct their attention to you. One
asks: "Do you agree with what he just said?" In your response, list five sites within or adjacent to
the city where turf is important, and explain why it is important in each of the five sites.

Aspects
of answer

Identifying
five sites

Justifying
importance
of turfs

Items

Lawn turfs
(residential)
Lawn turfs
(industrial)
Sports turfs
(golf courses)
Sports turfs
(athletic fields)
Utility turfs
Roadsides
soil stabilization
(utility turfs)
operational safety
(roadways or
airports)
soil stabilization
(lawn turfs)
pedestrian safety
(lawn turfs)
environmental
beautification
(commercial turf)
soil stabilization
(sports turfs)
player safety
(sports turfs)
environmental
beautification
(sports turfs)
Playability
(sports turfs)

Incorrectly
mentioned

Not
mentioned

Mentioned
correctly, no
elaboration
provided

-1

0

+1

Elaborated
explanation,
including
examples or
linking scientific
knowledge for
rationale
+2

-1

0

+1

+2

-1

0

+1

+2

-1

0

+1

+2

-1

0

+1

+2

-1

0

+1

+2

-1

0

+1

+2

-1

0

+1

+2

-1

0

+1

+2

-1

0

+1

+2

-1

0

+1

+2

-1

0

+1

+2

-1

0

+1

+2

-1

0

+1

+2
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Discussion #1 and Questions #2
While walking down the center of a fairway at an exclusive country club in your locale,
a golfer approaches you and says: "I wish my lawn at home looked as nice as this turf."
Assuming the golfer's lawn was typical of that found in your community, how would
you respond to his apparent quest for a substantially higher quality lawn? Be sure to
include in your response the visual and functional quality criteria.

Incorrectly
mentioned

Not
mentioned

Density

-1

0

+1

Elaborated
explanation,
including
examples or
linking scientific
knowledge for
rationale
+2

Texture

-1

0

+1

+2

Uniformity

-1

0

+1

+2

Color

-1

0

+1

+2

Smoothness

-1

0

+1

+2

Rigidity

-1

0

+1

+2

Elasticity

-1

0

+1

+2

Resiliency

-1

0

+1

+2

Yield

-1

0

+1

+2

Rooting

-1

0

+1

+2

Recuperative capacity

-1

0

+1

+2

Aspects
of
answer

Visual
quality
criteria
(between
home and
sport turf)

Functional
quality
criteria
(between
home and
sport turf)

Items

Mentioned
correctly,
no
elaboration
provided
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Discussion #1 and Questions #3
A professional colleague complains that his tees don't recover well following play. He
asks you to take a look and provide some guidance on what he might do to improve their
quality. In your response explain how poor management can substantially reduce the
recuperative capacity of a turf?
Aspects
of
answer

Cultural
and
environmental
factors
inhibiting
turfgrass
growth

Incorrectly
mentioned

Not
mentioned

severely compacted
soils

-1

0

+1

Elaborated
explanation,
including
examples or
linking scientific
knowledge for
rationale
+2

inadequate or
excessive fertility
inadequate or
excessive moisture
unfavorable
temperatures
insufficient light
toxic soil residues
disease

-1

0

+1

+2

-1

0

+1

+2

-1

0

+1

+2

-1
-1
-1

0
0
0

+1
+1
+1

+2
+2
+2

Items

Mentioned
correctly,
no
elaboration
provided
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Discussion #1 and Questions #4
A neighbor asks you to take a look at his lawn and identify the various species present.
With respect to leaf-blade characteristics, in what ways can the bluegrasses be
distinguished from other cool-season (i.e., ryegrasses, fescues and bentgrasses)
turfgrasses?
Aspects of
answer

Common
morphological
characteristics
of bluegrass
genus
distinguishing
ryegrasses,
fescues, and
bentgrasses

Elaborated
explanation,
including
comparisons
examples of cool
season grasses
+2
+2

Items

Incorrectly
mentioned

Not
mentioned

flat
V-shaped leaf
blade
smooth adaxial
leaf blade surface
with a double line
down the center
boat-shaped leaf
tip
folded vernation
absence of
auricles

-1
-1

0
0

Mentioned
correctly,
no
elaboration
provided
+1
+1

-1

0

+1

+2

-1

0

+1

+2

-1
-1

0
0

+1
+1

+2
+2
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Discussion #1 and Questions #5
You noticed that a young member of your crew extracted a grass plant from a section of
sod he had just planted and examined it closely before placing it in his pocket. Later,
while driving to the maintenance building, he pulled the specimen from his pocket and
commented that grass plants appear quite different from trees and other landscape plants.
How would you describe the various organs and other visible features used to
characterize and distinguish turfgrasses?
Aspects
of
answer

Grass
organs:
roots
Grass
organs:
stems

Grass
organs:
leaves

Elaborated
explanation,
including
examples or
linking
scientific
knowledge
for rationale

Incorrectly
mentioned

Not
mentioned

Mentioned
correctly, no
elaboration
provided

adventitious (from stems)
roots
seminal (from embryo) roots

-1

0

+1

+2

-1

0

+1

+2

crowns (contracted stems at
the base of aerial shoots)
flowering culms (elongated
stems giving rise to
inflorescences)
elongated stems contained
within stolons and rhizomes
(lateral shoots growing above
and below ground,
respectively).
leaf blades
leaf sheaths
morphological features: ligules
morphological features:
auricles
morphological features: collars

-1

0

+1

+2

-1

0

+1

+2

-1

0

+1

+2

-1
-1
-1
-1

0
0
0
0

+1
+1
+1
+1

+2
+2
+2
+2

-1

0

+1

+2

Items
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Discussion #1 and Questions #6
In a conversation about turf, you mention the term "ecosystem" in your comments. One
of the participants then asks: "What is a turfgrass ecosystem?" How would you respond
to her question?
Aspects of
answer

Environmental
components
Integration

Items

climatic
edaphic
biotic
relation of turf quality
and components

Incorrectly
mentioned

Not
mentioned

Mentioned,
correctly, no
elaboration
provided

-1
-1
-1
-1

0
0
0
0

+1
+1
+1
+1

Elaborated
explanation,
including
examples or
linking
scientific
knowledge for
rationale

+2
+2
+2
+2
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Discussion #2 and Questions #1
A member at your golf course approaches you with some questions about lawn care.
Apparently he's done some reading as, in the course of the exchange, he asks you to
distinguish between the vegetative growth of turfgrass rhizomes and aerial shoots. In
your careful response, be sure to include the important differences in leaf, stem and
adventitious root formation.
Aspects
of
answer

Difference
in leaves

Difference
in stems

Items

rhizomes: white leaves
rhizomes:bladeless leaves,
(cataphylls)
aerials shoots:
conventional leaves
aerials shoots: chlorophyllcontaining leaves
rhizomes: elongated stems
aerial shoots: highly
contracted stems (crowns)

Elaborated
explanation,
including
examples or
linking
scientific
knowledge
for rationale

Incorrectly
mentioned

Not
mentioned

Mentioned
correctly, no
elaboration
provided

-1
-1

0
0

+1
+1

+2
+2

-1

0

+1

+2

-1

0

+1

+2

-1
-1

0
0

+1
+1

+2
+2
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Discussion #2 and Questions #2
Your daughter has been preparing for a botany exam on anatomy. Because of your
expertise in this subject and her interest in grasses, she asks to explain the difference
between the apical meristems found at the root tip and in the growing point of a
vegetative aerial shoot. How would you respond?
Aspects
of
answer
Different
function
of apical
meristems

Items
apical meristems in roots
produce new cells for
continued development of
these organs
apical meristems in shoots
produce new cells for
continued development of
these organs
apical meristems in stems are
usually associated with leaf
primordia that develop into
leaves enveloping the apical
meristem
apical meristems in roots
produce a root cap that
protects the root tip as it
grows in the soil

Incorrectly
mentioned

Not
mentioned

Partially
mentioned
correctly

Completely
explained

-1

0

+1

+2

-1

0

+1

+2

-1

0

+1

+2

-1

0

+1

+2
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Discussion #2 and Questions #3
A professional football player whom you've just met states his preference for real grass
over artificial turf. One of the differences he points out is the cooler temperatures above
real turf. Knowing that you are an expert on this subject, he asks you to explain why this
is so. In responding to his question, be sure to explain heat exchange processes and the
special role that transpiration plays in maintaining turfgrasses within physiological
temperatures.
Aspects of
answer

Explanations
of heatexchange
processes

Items

evaporation (including
transpiration)
radiation
conduction
convection
advection

Incorrectly
mentioned

Not
mentioned

-1

0

+1

+2

-1
-1
-1
-1

0
0
0
0

+1
+1
+1
+1

+2
+2
+2
+2

Application

Item

how they participate in
dissipating the heat
energy received by a turf

Elaborated
explanation,
including
examples or
linking
scientific
knowledge
for rationale

Mentioned
correctly, no
elaboration
provided

Incorrectly
mentioned

Not
mentioned

Partially
mentioned
correctly

-1

0

+1

Elaborated
explanation
including
examples or
linking
scientific
knowledge
for rationale

+2
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Discussion #2 and Questions #4
Your greens chairman asks about the condition of #14 tee and why its quality is so much
lower than that of the other tees on the course. You respond that this tee has a shade
problem. Since this tee obviously receives some light during the day, he expresses some
skepticism about your answer. In your scientifically sound (but respectful) response, list
and explain the effects of light to moderate shade on the growth of turfgrasses and
propose changes in the cultural program for optimizing the persistence and quality of
shaded turfs.
Aspects of
answer

A detailed
listing of the
effects of
shade on
turfgrass
growth and
development
A list of
cultural
operations
for dealing
with shade

Incorrectly
mentioned

Not
mentioned

longer
thinner leaves
thinner cuticles
upright growth
shallow rooting
reduced CHnO reserves

-1
-1
-1
-1
-1
-1

0
0
0
0
0
0

+1
+1
+1
+1
+1
+1

Elaborated
explanation,
including
examples or
linking
scientific
knowledge
for rationale
+2
+2
+2
+2
+2
+2

prune trees
tree branches and roots
raise mowing height
remove excessive
accumulations of clippings
reduce N fertilization
use fungicides as needed
switch to shade-tolerant
turfgrasses

-1
-1
-1
-1

0
0
0
0

+1
+1
+1
+1

+2
+2
+2
+2

-1
-1
-1

0
0
0

+1
+1
+1

+2
+2
+2

Items

Mentioned
correctly,
no
elaboration
provided
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Discussion #2 and Questions #5
Following a heavy rain, one of the golfers at your club approaches you and points out the standing water
visible in depressions on one of the few remaining push-up greens. He asks: "Can't you punch some holes
in that green so that it drains as well as the newer (USGA-type) greens." As it's obvious that he wants a
detailed answer and is willing to stay and listen , help him to understand the difference between sandy and
clayey soils with respect to the retention and movement of water through the pore spaces. Then, explain
what perched and temporary water tables are and how they might occur in soil profiles characterized by
sharply differing textural layers.

Aspects
of
answer
An
explanation
of the
influence of
pore-size
distribution
on soil
water
retention
and
movement
Explanation
of how
water tables
can form in
a soil
profile and
the
essential
difference
between
perched and
temporary
water tables

Mentioned
correctly,
no
elaboration
provided

Elaborated
explanation,
including
examples or
linking scientific
knowledge for
rationale

Incorrectly
mentioned

Not
mentioned

clayey soils contain greater
porosity than sandy soils
clayey soils contain smaller
pores than sandy soils
clayey soils retain more water
than sandy soils
clayey soils allow much slower
percolation than sandy soils

-1

0

+1

+2

-1

0

+1

+2

-1

0

+1

+2

-1

0

+1

+2

perched water tables form in a
finer-textured medium situated
above a coarser-textured
medium
due to the discontinuity of soil
pores
and the selective retention of the
water by the finer-textured
medium
temporary water tables form in a
coarser-textured medium
situated above a finer-textured
medium
reflecting the differential
percolation rates of the two
media

-1

0

+1

+2

-1

0

+1

+2

-1

0

+1

+2

-1

0

+1

+2

-1

0

+1

+2

Items
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Discussion #2 and Questions #6
In interviewing for a job as superintendent on a golf course following the retirement of the old
superintendent, your inspection of the fairways reveals that the thatch thickness ranges from one to nearly
two inches. The owner is somewhat surprised to learn that there is a thatch problem, as the fairways have
always looked good. Explain to him what thatch is and how it--as well as thatchlike derivatives--can
influence turfgrass growth and turf quality.

Aspects of
answer

A reasonable
definition of
thatch

How a typically
coarse-textured
thatch medium
influences:

With respect to
those thatchlike
derivatives
resulting from
the
incorporation of
soil from
topdressing (or
reincorporation
of soil from
cultivation)

Items

an undecomposed layer of
organic matter
or partially decomposed layer
of organic matter
situated above the soil
surface
soil water movement
turfgrass root growth(as
much or all of the root
system is contained within
the thatch layer),
turf quality (to the extent that
thatch can influence the
susceptibility of a turf to
diseases and other pest
problems, as well as its
tolerance of environmental
stresses)
turf quality (to the extent that
thatch can influence its
tolerance of environmental
stresses)
how the modification of a
thatch layer could
dramatically influence
turfgrass growth and
development
how the modification of a
thatch layer could
dramatically influence turf
quality.

Mentioned
correctly,
no
elaboration
provided

Elaborated
explanation,
including
examples or
linking
scientific
knowledge
for rationale

Incorrectly
mentioned

Not
mentioned

-1

0

+1

+2

-1

0

+1

+2

-1

0

+1

+2

-1
-1

0
0

+1
+1

+2
+2

-1

0

+1

+2

-1

0

+1

+2

-1

0

+1

+2

-1

0

+1

+2
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Discussion #3 and Questions #1
In designing a nitrogen-fertilization program for your sand-based greens, you have chosen a water-soluble
nitrogen carrier and programmed when and how much of it you will apply during the growing season. In
presenting this program to your director of golf operations, he expresses his concerns over the possibility of
leaching and subsequent accumulation of nitrate nitrogen in the ground water. In your response, explain
the likely fate of nitrogen applied to this turf and why, in your opinion, groundwater pollution should not be
a problem.
Aspects
of answer
Nitrogen
observed

Nitrogen
lost

Items

Incorrectly
mentioned

Not
mentioned

Partially
mentioned

Completely
mentioned

Much nitrogen would be contained within the
residual biomass deposited onto or in the turf as
senescing leaves, crowns, rhizomes/stolons, and
roots,
and through subsequent mineralization, would
be added to the available nitrogen pool,
principally as ammonium ions (NH4+).

-1

0

+1

+2

-1

0

+1

+2

Mentioned
correctly,
no
elaboration
provided

Elaborated
explanation,
including
examples or
linking
scientific
knowledge
for rationale

Items

Incorrectly
mentioned

Not
mentioned

Within the available nitrogen pool a microbially
induced transformation of nitrogen from the
ammoniacal form to the nitrate (NO3) form
occurs,
thus rendering the nitrogen more susceptible to
leaching through the soil profile, especially
during major rainfall events.
Depending on the rate of turfgrass growth,
some of the nitrogen would be absorbed from
the available pool by the turfgrass roots and
used to support biosynthesis of proteins and
nucleic acids within the plants.
Under the conditions provided in the question
(i.e., clippings removed, well-drained sandy
loam soil), some of the nitrogen would be
removed with the clippings,
Depending on soil conditions (e.g., moisture,
pH, organic matter content),
some of this nitrogen could have been lost as
ammonia (NH3) through volatilization.
Depending on the amount and type of clay in
the soil,
some nitrogen could be fixed within the lattice
structure of clay particles and thus rendered
unavailable to plants.

-1

0

+1

+2

-1

0

+1

+2

-1
-1

0
0

+1
+1

+2
+2

-1

0

+1

+2

-1

0

+1

+2

-1

0

+1

+2

-1

0

+1

+2

-1

0

+1

+2
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Discussion #3 and Questions #2
Based on discussions with your director of golf operations and his concerns over the potential for nitrate
leaching in your sand-based greens, you decide to explore the incorporation of slowly available nitrogen
carriers in your nitrogen fertilization program. Provide for him a detailed analysis of the advantages and
disadvantages of the following slowly available nitrogen carriers: UF/methylene ureas, SCU/PCU, and
IBDU. Then, select the one you will choose and provide a convincing justification for your selection.

Aspects of
answer

Specific
characteristics of
the various slowly
available nitrogen
carriers

Recommendation
& justification

Items

Incorrectly
mentioned

Not
mentioned

UF/methylene
ureas
advantage
UF/methylene
ureas
disadvantage
SCU/PCU
advantage
SCU/PCU
disadvantage
IBDU
advantage
IBDU
disadvantage
how these
materials could
influence the
amount of nitrogen
within the available
nitrogen pool over
the course of the
growing season.
recommendation
justification of
selection

-1

0

+1

Elaborated
explanation,
including
examples or
linking
scientific
knowledge
for rationale
+2

-1

0

+1

+2

-1

0

+1

+2

-1

0

+1

+2

-1

0

+1

+2

-1

0

+1

+2

-1

0

+1

+2

-1
-1

0
0

+1
+1

+2
+2

Mentioned
correctly,
no
elaboration
provided
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Discussion #3 and Questions #3
During a visit to a golf course in Arizona, you notice how poor the irrigation coverage is on the fairways. Much of the
fairway turf is brown, while green grass is largely restricted to a series of donut-shapes rings along the centerline of
each fairway. First, identify the cause of this problem and recommend an appropriate solution. Be sure to include in
your answer an explanation of the relationship between operating pressure and patterns of distribution from sprinkler
heads. Then, what advice might you offer to a superintendent from a neighboring course who complains that, despite
having a new, multiple-row, automatic irrigation system, the infiltration capacity of his heavily trafficked, compacted
fairways is only half of the precipitation rate of the irrigation system and, as a consequence, intensive irrigation
invariably results in sopping wet turf and standing water in low areas.

Aspects
of answer

An
explanation of
the
relationship
between
operating
pressure and
patterns of
distribution
from sprinkler
heads/
identify the
cause of this
problem

Situation
Assessment

Solution
Justification

Items

Under proper operating pressures, a
rotating sprinkler head distributes water in
a wedge-shaped pattern around the head.
Therefore, with the proper amount of
overlapping coverage from adjacent heads,
a more-or-less uniform pattern of
distribution is possible from a multiplerow irrigation system.
Under operating pressures that are too
low, the pattern would change to donutshaped, with a shorter radius of coverage
and little water in the immediate vicinity
of the head;
this reflects the reduced atomization of
water and, as a consequence, the larger
water droplets coming from the nozzles.
Under operating pressures that are too
high, the water is too finely atomized
and the small water droplets are easily
carried by the wind to provide an erratic
pattern of distribution.
heavily trafficked turf
silt loam soil
sloping landscape
IC=PR/2
employ the multiple-cycling feature of an
automatic irrigation system
Effectively reduce the PR (precipitation or
"precip" rate) by at least half
so that it did not exceed the IC (infiltration
capacity) of the turf.
otherwise, water would accumulate at the
surface (puddling),
or move downslope on sloping terrain
resulting in nonuniform wetting despite
uniform application.

Mentioned
correctly,
no
elaboration
provided

Elaborated
explanation,
including
examples or
linking
scientific
knowledge
for rationale

Incorrectly
mentioned

Not
mentioned

-1

0

+1

+2

-1

0

+1

+2

-1

0

+1

+2

-1

0

+1

+2

-1

0

+1

+2

-1

0

+1

+2

-1
-1
-1
-1
-1

0
0
0
0
0

+1
+1
+1
+1
+1

+2
+2
+2
+2
+2

-1

0

+1

+2

-1

0

+1

+2

-1

0

+1

+2

-1

0

+1

+2
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Discussion #3 and Questions #4
While inspecting the intermediate rough along a newly established Kentucky bluegrass fairway, you notice several important
differences between the fairway and rough turfs maintained at mowing heights of one and two inches, respectively. After using your
knife to extract samples from these turfs, you notice some additional differences in visual and functional quality. First, what are these
differences? Second, what are the implications with respect to the cultural requirements of these turfs? Finally, some of the fairway
turf exhibits a wavy (washboard) pattern with the ridges running perpendicular to the direction of mowing. What does this indicate?
Explain its mathematical basis and influence on turf quality.
Elaborated
explanation,
Aspects of
Mentioned
including
answer
Incorrectly
Not
correctly,
examples or
mentioned mentioned
no
Items
linking
elaboration
scientific
provided
knowledge for
rationale
Identify
The more closely mowed (1") turfgrass would
-1
0
+1
+2
differences
have higher shoot density,
finer texture,
-1
0
+1
+2
less verdure,
-1
0
+1
+2
fewer and shorter rhizomes,
-1
0
+1
+2
and a less extensive root system.
-1
0
+1
+2
Implications
more frequent irrigation
-1
0
+1
+2
with respect
to replenish the moisture consumed from the
-1
0
+1
+2
to the
smaller volume of soil supporting plant growth
cultural
more frequent fertilization
-1
0
+1
+2
requirements
to replenish the nutrients consumed from the
-1
0
+1
+2
of these
smaller volume of soil supporting plant growth
closely
more frequent mowing
-1
0
+1
+2
mowed (1")
to adhere to the 1/3rd rule
-1
0
+1
+2
turfgrass
(given its reduced verdure and generally higher
-1
0
+1
+2
soil moisture content) more cultivation to
alleviate soil compaction
resulting moderate to heavy traffic
-1
0
+1
+2
more pesticide use and associated cultural
-1
0
+1
+2
operations
directed at controlling the weeds, diseases and
-1
0
+1
+2
insects threatening turf quality
Wavy pattern
the clip of the reel [CR] is appreciable longer
-1
0
+2
+3
than the mowing height [MH]
Incorrectly
Not
Partially
Completely
Items
mentioned
mentioned
described
described
2
2
Mathematical employ Pythagorean theorem (C = A +
-1
0
+1
+2
B2)
basis
2
2
2
2
corresponding: C = A + B = MH +
-1
0
+2
+3
(CR/2) 2
Hypotenuse (C)=(A2+B2)1/2 OR
-1
0
+2
+3
(MH2+(CR/2)2)1/2
R (restitution height) = C - MH or peaks -1
0
+2
+3
valleys
Elaborated
explanation,
Mentioned
including
Incorrectly
Not
correctly,
examples or
mentioned mentioned
no
Items
linking
elaboration
scientific
provided
knowledge for
rationale
The CR is substantially longer than the MH, R
-1
0
+1
+2
will be excessive and marcelling will be
evident.
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Discussion #3 and Questions #5
A salesman asks you for an opportunity to demonstrate a new cultivator that he claims is "the best thing to
come along since sliced bread." He furthermore claims that this cultivator combines all of the advantages
of hollow-tine cultivators and vertical mowers, with none of the disadvantages. In responding to his
claims, list and explain the advantages and disadvantages associated with hollow-tine cultivation (HTC) of
a heavily trafficked, sports turf. Then, list and explain the advantages and disadvantages associated with
vertical mowing (VM) of a heavily trafficked, sports turf.

Aspects
of answer

Advantages
associated
with hollowtine cultivation
(HTC) of a
heavily
trafficked,
sports turf

Disadvantages
associated
with HTC of a
heavily
trafficked,
sports turf
List and
explain the
advantages
associated
with VM
Disadvantages
associated
with VM

Items

release of toxic gases from the soil
improved wetting of dry or hydrophobic soils
accelerated drying of persistently wet soils
increased infiltration capacity, especially
where surface compaction or thatch limits
infiltration
stimulated root growth within the holes
increased shoot growth atop the holes
disruption of soil-layers resulting from
topdressing
control of thatch, especially where soil cores
are reincorporated or where topdressing
follows HTC
improved turfgrass response to fertilizers
temporary disruption of the turf's surface
increased potential for turfgrass desiccation
as subsurface tissues are exposed
increased weed development when
conditions favor weed-seed germination
increased damage from cutworms and other
insects that reside in the holes
grain reduction
break up of soil cores following HTC to
facilitate incorporation of the soil into the
turf
thatch removal
substantially reduced shoot density
nearly complete destruction of shallowrooted turfs

Mentioned
correctly,
no
elaboration
provided

Elaborated
explanation,
including
examples or
linking
scientific
knowledge for
rationale

Incorrectly
mentioned

Not
mentioned

-1
-1
-1
-1

0
0
0
0

+1
+1
+1
+1

+2
+2
+2
+2

-1
-1
-1

0
0
0

+1
+1
+1

+2
+2
+2

-1

0

+1

+2

-1
-1
-1

0
0
0

+1
+1
+1

+2
+2
+2

-1

0

+1

+2

-1

0

+1

+2

-1
-1

0
0

+1
+1

+2
+2

-1
-1
-1

0
0
0

+1
+1
+1

+2
+2
+2
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Discussion #3 and Questions #6
You've just completed construction of a new series of USGA-type greens to replace the older push-up
greens at your golf course. Now, you've been asked to provide a topdressing program for these greens.
Specify the nature of the topdressing material and the frequency and intensity of its application. Indicate
when topdressing would be done in conjunction with HTC versus independently. Then, explain the
conditions under which rolling might be a beneficial practice for these greens.

Aspects
of answer

Specify the
nature of the
topdressing
material and
the frequency
and intensity
of its
application

Time when
topdressing
would be done
in conjunction
with HTC

A rational
approach to
rolling

Items

light
frequent (every two to three weeks during
the growing season)
sand (or specific sand-soil-OM mixture)
conform to USGA specifications
and be consistent with the sand used in
constructing the green
unless the construction sand was shown to
be unsuitable, in which case it should be
changed
topdressing program to incorporate the
topdressing material into a developing
thatch layer
in order to dilute the organic material and
promote its biodecomposition.
two or more times during the growing
season
depending on the amount of disruptive
layering occurring within the soil profile
Additional sand would be needed to:
fill in the holes created from the
cultivation of the turf
establish channels through impermeable or
slowly permeable soil regions
dilute the impact of these regions on turf
quality.
promoted the desired turf smoothness for
optimum putting speeds
minimizing the wear and compaction that
may result from this operation

Mentioned
correctly,
no
elaboration
provided

Elaborated
explanation,
including
examples or
linking
scientific
knowledge
for rationale

Incorrectly
mentioned

Not
mentioned

-1
-1

0
0

+1
+1

+2
+2

-1
-1
-1

0
0
0

+0.5
+0.5
+0.5

+1
+1
+1

-1

0

+0.5

+1

-1

0

+1

+2

-1

0

+1

+2

-1

0

+1

+2

-1

0

+1

+2

-1
-1

0
0

+0.5
+0.5

+1
+1

-1

0

+0.5

+1

-1

0

+0.5

+1

-1

0

+1

+2

-1

0

+1

+2
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Discussion #4 and Questions #1
An anti-pesticide activist has threatened to picket your golf course because of your "flagrant" use of
pesticides. You invite him into your office to respond to his questions. Provide him with your overall
approach to turfgrass pest management and discuss the role of pesticides in your pest-management
program.

Aspects of
answer

A detailed
strategy for
managing
pests

An
corresponding
detailed
example

Items

selecting turfgrasses well adapted to
prevailing environmental conditions
following proper establishment
procedures
conducting a cultural program
favoring healthy turfgrass growth
judiciously selecting and applying
pesticides as needed to control pests
whenever threshold levels of
damage are likely
selecting turfgrasses well adapted to
prevailing environmental conditions
following proper establishment
procedures
Conducting a cultural program
favoring healthy turfgrass growth
judiciously selecting and applying
pesticides as needed to control pests
whenever threshold levels of
damage are likely

Mentioned
correctly,
no
elaboration
provided

Elaborated
explanation,
including
examples or
linking
scientific
knowledge
for rationale

Incorrectly
mentioned

Not
mentioned

-1
-1
-1

0
0
0

+1
+1
+1

+2
+2
+2

-1

0

+1

+2

-1

0

+1

+2

-1
-1
-1

0
0
0

+0.5
+0.5
+0.5

+1
+1
+1

-1

0

+0.5

+1

-1

0

+0.5

+1
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Discussion #4 and Questions #2
When confronted with allegations by the local press that you are polluting the environment with deadly
pesticides, you decide to meet with reporters and answer their questions. One asks you if you have any
idea of the environmental fate of the pesticides you are applying. In responding, list and explain the
various avenues of "fate" of pesticides applied to turf.

Aspects
of answer

Listing and
explanation
of the
avenues of
pesticide
fate

Items

drift (movement of pesticide
spray particles and dust from the
site of application to a nontarget
site)
runoff (surface movement of a
pesticide across the turf)
volatilization (process by which a
pesticide from a liquid to a gas
and is lost to the atmosphere)
photodecomposition (breakdown
of a pesticide under the influence
of light)
adsorption (physical binding of a
pesticide onto soil particles or in
the thatch)
dilution and leaching (processes
by which a pesticide is carried
downward in the soil)
absorption (uptake of a pesticide
by living organisms)
chemical reaction (transformation
of pesticide molecules to usually
less active or inactive forms)
microbial degradation
(breakdown of pesticide
molecules by microorganisms in
the soil or thatch).

Mentioned
correctly,
no
elaboration
provided

Elaborated
explanation,
including
examples or
linking
scientific
knowledge
for rationale

Incorrectly
mentioned

Not
mentioned

-1

0

+1

+2

-1

0

+1

+2

-1

0

+1

+2

-1

0

+1

+2

-1

0

+1

+2

-1

0

+1

+2

-1

0

+1

+2

-1

0

+1

+2

-1

0

+1

+2
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Discussion #4 and Questions #3
You have been asked by your greens chairman to illustrate various ways in which you control pest
problems on your golf course. Specifically, he would like you to list the principal categories of weeds and
explain how herbicides might be used for their control. Then, list three important turf diseases and explain
how their severity might be reduced through methods that do not require the use of pesticides. Finally,
provide two examples each of surface- and subsurface-feeding insects and explain how they can cause turf
damage.

Aspects
of answer

Weeds

How
herbicides
might be used
for their
control

Diseases

Explanation of
methods for
control that do
not require
fungicides

Surfacefeeding insects
(two
examples)

subsurfacefeeding insects
(two
examples)

Items

annual grasses
broadleaf weeds
perennial grasses
Preemergence herbicides are especially
effective in controlling annual grasses (such as
crabgrass, foxtails and goosegrass).
Some postemergence herbicides can be used
for effective control as well.
Several postemergence herbicides or herbicide
combinations can be used for effective control
of broadleaf weeds.
Some preemergence herbicides provide a
reasonable measure of control for these weed,
especially summer annual species.
As most perennial grasses cannot be controlled
selectively,
nonselective herbicides must be used as spot
treatments to remove these species from a turf.
dollar spot
brown patch
summer patch
Brown patch severity on greens can be
dramatically reduced by establishing brown
patch-resistant cultivars of creeping bentgrass,
ensuring adequate surface and internal
drainage as well as air circulation across the
turf,
avoiding excessive nitrogen fertilization and
irrigation,
raising the mowing height where possible,
and pursuing cultivation practices that
effectively alleviate soil compaction and
control thatch.
sod webworms
which feed on aerial shoots and clip them
down to the lower sheath
chinchbugs
which feed by inserting their mouthparts in
grass shoots and sucking out fluids
grubs
which feed on turfgrass roots
mole crickets
which can uproot individual seedlings causing
desiccation

Mentioned
correctly,
no
elaboration
provided

Elaborated
explanation,
including
examples or
linking
scientific
knowledge for
rationale

Incorrectly
mentioned

Not
mentioned

-1
-1
-1
-1

0
0
0
0

+1
+1
+1
+1

+2
+2
+2
+2

-1

0

+1

+2

-1

0

+1

+2

-1

0

+1

+2

-1

0

+1

+2

-1

0

+1

+2

-1
-1
-1
-1

0
0
0
0

+1
+1
+1
+1

+2
+2
+2
+2

-1

0

+1

+2

-1

0

+1

+2

-1
-1

0
0

+1
+1

+2
+2

-1
-1

0
0

+1
+1

N/A

-1
-1

0
0

+1
+1

N/A

-1
-1
-1
-1

0
0
0
0

+1
+1
+1
+1

N/A

+2
+2
+2
N/A

+2
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Discussion #4 and Questions #4
Various locations in North America have the weather indicated in the long-term average for precipitation
and temperature provided in questions a through e below. Please identify one location in South America,
Eurasia or Africa with similar climatic conditions.

Aspects
of answer

A.
MidAtlantic
U.S and
similar
locations in
South
America,
Europe, and
Asia
B. Upper
Western
Canada and
similar
locations in
South
America,
Europe, and
Asia
C. The Lower
West Coast
U.S. Region

D. The Mid
Western U.S.
Region

E. Southern
Florida A.S.
Region

Items

Identifying climate: this region is on the
boarder between a temperate and subtropical
climate
Reasoning: an annual rainfall of 44.72 inches
and average monthly temperatures above 500F
for barely 8 months each year
South America (Santiago or Chile)
Europe (Madrid or Spain)
Asia (Shanghai or China)
Identifying climate: this region has a subarctic
climate.
Reasoning: an annual rainfall of 14.28 inches
and average monthly temperatures above 500F
for only 3 months each year
South America (No similar place)
Europe (Stockholm or Sweden)
Asia (Ulaanbaatar or Mong/olia)
Identifying climate: this region has a
subtropical dry-summer climate
Reasoning: an annual rainfall of 14.85 inches
with most occurring in the winter months and
average monthly temperatures above 500F for
all months
South America (Serena or Chile)
Europe (Faro or Portugal)
Asia (No similar place)
Identifying climate: a temperate climate
Reasoning: an annual rainfall of 35.83 inches
and average monthly temperatures above 500F
for 6 months each year
South America (No similar place)
Europe (Warsaw or Poland)
Asia (Vladivostok or Russia)
Identifying climate: a tropical climate
Reasoning: an annual rainfall of 55.15 inches
with most occurring in the summer months
and average monthly temperature for the
coolest month is above 650
South America (Goiania or Brazil)
Europe (No similar place)
Asia (Mandalay or Burma)

Mentioned
correctly,
no
elaboration
provided

Elaborated
explanation,
including
examples or
linking
scientific
knowledge for
rationale

Incorrectly
mentioned

Not
mentioned

-1

0

+1

+2

-1

0

+1

+2

-1
-1
-1
-1

0
0
0
0

+1
+1
+1
+1

+2
+2
+2
+2

-1

0

+1

+2

-1
-1
-1
-1

0
0
0
0

+1
+1
+1
+1

+2
+2
+2
+2

-1

0

+1

+2

-1
-1
-1
-1
-1

0
0
0
0
0

+1
+1
+1
+1
+1

+2
+2
+2
+2
+2

-1
-1
-1
-1
-1

0
0
0
0
0

+1
+1
+1
+1
+1

+2
+2
+2
+2
+2

-1
-1
-1

0
0
0

+1
+1
+1

+2
+2
+2
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Practicum #4 and Questions #5
During one of your trips to the southeastern portion of the United States, you encounter a grass
specimen unlike any you've seen before. You notice a perfect inflorescence emerging from this
species. Careful examination reveals that the culm internodes are solid with vascular bundles
scattered within the pith. Also, the ligules at the base of the leaf blades are membranous. Identify
and provide a detailed characterization the grass subfamily to which this species belongs.
Aspects
of answer

A logical
approach to
identification
based on key
morphologic
al features

Aspects
of answer
The
differences
separating
the three
grass
subfamilies
containing
turfgrasses

Mentioned
correctly,
no
elaboration
provided

Elaborated
explanation,
including
examples or
linking
scientific
knowledge
for rationale

Incorrectly
mentioned

Not
mentioned

the composition (membranous,
fringe of hairs) of the ligule
the size of the ligule
the shape (pointed vs. rounded vs.
truncate) of the ligule
the size of the collar
the shape (continuous vs. divided)
of the collar
the size of the leaf blades
the shape (parallel-sided vs.
tapering) of the leaf blades
the surface characteristics (ridged
vs. smooth, keeled vs. flat, hairy
vs. hairless) of the leaf blades
the shape (boat-shaped vs.
pointed vs. rounded) of the leaf
tip
the specific growth habit (bunchtype, stoloniferous and/or
rhizomatous) evident

-1

0

+1

+2

-1
-1

0
0

+1
+1

+2
+2

-1
-1

0
0

+1
+1

+2
+2

-1
-1

0
0

+1
+1

+2
+2

-1

0

+1

+2

-1

0

+1

+2

-1

0

+1

+2

Items

Incorrectly
mentioned

Not
mentioned

Mentioned
correctly
and
partially

Mentioned
correctly and
completely

-1

0

+2

+4

-1

0

+1

+2

-1

0

+1

+2

Items

The subfamily with solid culm
internodes and membranous
ligules is panicoideae;
while the festucoideae have
membranous ligules but hollow
culm internodes
and the eragrostoideae have solid
culm internodes but hairy ligules
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Practicum #4 and Questions #6
In examining a grass specimen, you eventually determine that it is a species belonging to
the genus: Pennisetum. This species was actually described by Hochst and named
vulgatum; however, he incorrectly placed it in the genus: Paspalum. Through your
efforts, this mistake has been corrected and, as a consequence, your name will be added
as an authority for this species. Provide the new Latin binomial, including the authorities,
for this species and explain each of the components. Later, a colleague reports that she
has had a similar experience; however, her discovery was of a distinct subspecies rough
bluegrass with a bunch-type growth habit. Her last name is Smith and the subspecies
designation is vertica. Provide the Latin name of this subspecies, including the
authorities, and explain each of the components.
Aspects
of answer

First
Situation:
how
species are
named

Second
Situation:
how
subspecies
designatio
ns worked

Items

the corrected Latin name
(e.g. Pennisetum vulgatum
[Hochst] Turg)
“Pennisetum” is the genus.
“vulgatum” is the species.
[Hochst] or [H] is the earlier
authority who incorrectly
placed it in the wrong genus
(Paspalum).
“Turg.” is an abbreviated
version of the name of the
person who corrected it.
The corrected Latin name is
Poa trivialis L. ssp.vertica
Smith.
“Poa” is the genus.
“trivialis” is the species
“L.” is the species' authority.
“ssp.” is the designation for
subspecies
“vertica” is the subspecies
“Smith” is the authority for
the subspecies

Elaborated
explanation,
including
examples or
linking
scientific
knowledge
for rationale

Incorrectly
mentioned

Not
mentioned

Mentioned
correctly, no
elaboration
provided

-1

0

+1

N/A

-1
-1
-1

0
0
0

+1
+1
+1

+2
+2
+2

-1

0

+1

+2

-1

0

+1

N/A

-1
-1
-1
-1

0
0
0
0

+1
+1
+1
+1

+2
+2
+2
+2

-1
-1

0
0

+1
+1

+2
+2
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Practicum#5 and Questions #1
In southeastern Pennsylvania, you are going to establish turf in an area of rough
adjacent to a series of sand traps. Which turfgrass species will you choose for this
purpose? Explain why you made this selection and provide a cultural program for
maintaining this turf. In addition to the species you selected, which other turfgrasses
might also be used for this site?

Aspects
of answer

A rational
basis for
selecting
a
particular
species

A cultural
program
for this
turf
regarding
benefits
from
choosing
it

Mentioned
correctly,
no
elaboration
provided

Elaborated
explanation,
including
examples or
linking
scientific
knowledge
for rationale

Incorrectly
mentioned

Not
mentioned

situation analysis: soil
condition specified area
situation analysis: whether
condition specified area
choosing appropriate turfgrass
relating the situations
additional rationales: low
maintenance requirements
other possible turfgrasses for
this purpose
mowing

-1

0

+2

+4

-1

0

+1

+2

-1

0

+2

+4

-1

0

+2

+4

-1

0

+1

+2

-1

0

+1

+2

fertilization

-1

0

+1

+2

irrigation

-1

0

+1

+2

pesticides

-1

0

+1

+2

other supplementary cultural
operation

-1

0

+1

+2

Items
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Practicum#5 and Questions #2
In southeastern Texas, you are going to establish lawn turf in an area with many trees that
provide light to moderate shade for most of the day. Which turfgrass species will you use for this
purpose? Explain why you made this selection. Also, explain your cultural program for
maintaining this turf. b) In central Florida, you have been given the responsibility for establishing
new fairways on a golf course catering to "snow birds" visiting from the north. While play occurs
all year, it is especially heavy during the winter months. Which turfgrass species will you use for
this purpose? Explain why you made this selection. Also, explain your cultural program,
including winter overseeding, for maintaining this turf.

Aspects
of answer

A) A rational
for selecting a
shade-tolerant,
warm-season
turfgrass
species
Cultural
program

B) A rational
for selecting
the permanent
warm-season
species for
initially
establishing
the fairway
Cultural
program

Mentioned
correctly,
no
elaboration
provided

Elaborated
explanation,
including
examples or
linking
scientific
knowledge for
rationale

Incorrectly
mentioned

Not
mentioned

situation analysis: weather condition
specified area
situation analysis: shade condition

-1

0

+2

+4

-1

0

+2

+4

choosing appropriate turfgrass relating the
situations
mowing height

-1

0

+2

+4

-1

0

+1

+2

mowing frequency

-1

0

+1

+2

irrigation program

-1

0

+1

+2

fertilization program

-1

0

+1

+2

nature of cultivation

-1

0

+1

+2

frequency of cultivation

-1

0

+1

+2

pest management program

-1

0

+1

+2

situation analysis: heavy condition

-1

0

+2

+4

situation analysis: weather condition

-1

0

+2

+4

choosing appropriate turfgras relating the
situation
(If proposing to overseed this area with coolsearson, then choosing appropriate turfgrass or
mixutre of turfgrass)
mowing height and frequency
irrigation program

-1

0

+2

+4

-1
-1
-1
-1
-1
-1

0
0
0
0
0
0

+1
+1
+1
+1
+1
+1

+2
+2
+2
+2
+2
+2

-1

0

+1

+2

-1

0

+1

+2

Items

fertilization program
nature and frequency of cultivation
pest management program
overseeding: how to maintain cool-/warmseasion turfgrass communities throughout the
year
overseeding: How to perform the overseeding
operation
overseeding: What to facilitate spring
transition
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Practicum#5 and Questions #3
In southeastern South Carolina, you will be supervising the installation of sod in
an amusement park. Which turfgrass species will you use for this purpose?
Explain why you made this selection and provide a cultural program for
maintaining this turf. In addition to the species you selected, which other
turfgrasses might also be used for this site?
Aspects
of answer

A rational
basis for
selecting
the sod
species

Cultural
program

Mentioned
correctly,
no
elaboration
provided

Elaborated
explanation,
including
examples or
linking
scientific
knowledge for
rationale

Incorrectly
mentioned

Not
mentioned

situation analysis: weather
condition specified area
situation analysis: other
specific conditions for the
given purpose/area
choosing appropriate turfgrass
relating the situations
other possible turfgrasses for this
purpose
how to establish it

-1

0

+2

+4

-1

0

+2

+4

-1

0

+2

+4

-1

0

+1

+2

-1

0

+2

+4

mowing height

-1

0

+1

+2

mowing frequency

-1

0

+1

+2

irrigation program

-1

0

+1

+2

fertilization program

-1

0

+1

+2

nature of cultivation

-1

0

+1

+2

frequency of cultivation

-1

0

+1

+2

pest management program

-1

0

+1

+2

Items
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Practicum #5 and Questions #4
In northern Ohio, you have been given the responsibility for renovating a
deteriorated turf on a football field. Which turfgrass species will you use for this
purpose? Explain why you made this selection and provide a cultural program
for maintaining this turf. In addition to the species you selected, which other
turfgrasses might also be used for this site?
Aspects
of answer

A rational
basis for
selecting
a
turfgrass
species
for this
purpose
Cultural
program

Mentioned
correctly,
no
elaboration
provided

Elaborated
explanation,
including
examples or
linking
scientific
knowledge for
rationale

Incorrectly
mentioned

Not
mentioned

situation analysis: weather
condition specified area
situation analysis: other
specific conditions for the
given purpose/area
choosing appropriate turfgrass
relating the situations
other possible turfgrasses for this
purpose
how to establish it

-1

0

+2

+4

-1

0

+2

+4

-1

0

+2

+4

-1

0

+1

+2

-1

0

+2

+4

mowing height

-1

0

+1

+2

mowing frequency

-1

0

+1

+2

irrigation program

-1

0

+1

+2

fertilization program

-1

0

+1

+2

nature of cultivation

-1

0

+1

+2

frequency of cultivation

-1

0

+1

+2

pest management program

-1

0

+1

+2

Items

246

Practicum#5 and Questions #5
In western Nebraska, you are responsible for establishing low-maintenance
utility turf in a series of roadside rest areas. Which turfgrass species will you use
for this purpose? Explain why you made this selection and provide a cultural
program for maintaining this turf. In addition to the species you selected, which
other turfgrasses might also be used for this site?
Aspects
of answer

A rational
basis for
selecting
a
turfgrass
species
for this
purpose
Cultural
program

Mentioned
correctly,
no
elaboration
provided

Elaborated
explanation,
including
examples or
linking
scientific
knowledge for
rationale

Incorrectly
mentioned

Not
mentioned

situation analysis: weather
condition specified area
situation analysis: other
specific conditions for the
given purpose/area
choosing appropriate turfgrass
relating the situations
other possible turfgrasses for
this purpose
how to establish it

-1

0

+2

+4

-1

0

+2

+4

-1

0

+2

+4

-1

0

+1

+2

-1

0

+2

+4

mowing height

-1

0

+1

+2

mowing frequency

-1

0

+1

+2

irrigation program

-1

0

+1

+2

fertilization program

-1

0

+1

+2

nature of cultivation

-1

0

+1

+2

frequency of cultivation

-1

0

+1

+2

pest management program

-1

0

+1

+2

Items
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Practicum#5 and Questions #6
In central Indiana, your firm has been commissioned by the Highway
Department to establish roadside turf along a 30-mile stretch of new highway.
You have been informed that the Department wishes to minimize the cost of
maintaining this turf. Which turfgrass species will you use for this purpose?
Explain why you made this selection and provide a cultural program for
maintaining this turf. In addition to the species you selected, which other
turfgrasses might also be used for this site?
Aspects
of answer

A rational
basis for
selecting
a
turfgrass
species
for this
purpose
Cultural
program

Mentioned
correctly,
no
elaboration
provided

Elaborated
explanation,
including
examples or
linking
scientific
knowledge for
rationale

Incorrectly
mentioned

Not
mentioned

situation analysis: weather
condition specified area
situation analysis: other
specific conditions for the
given purpose/area
choosing appropriate turfgrass
relating the situations
other possible turfgrasses for
this purpose
how to establish it

-1

0

+2

+4

-1

0

+2

+4

-1

0

+2

+4

-1

0

+1

+2

-1

0

+2

+4

mowing height

-1

0

+1

+2

mowing frequency

-1

0

+1

+2

irrigation program

-1

0

+1

+2

fertilization program

-1

0

+1

+2

nature of cultivation

-1

0

+1

+2

frequency of cultivation

-1

0

+1

+2

pest management program

-1

0

+1

+2

Items

APPENDIX D
Questionnaire for Survey
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Spring, 2001
Title of study: The effects of on-line small group discussion on learning
Principal investigator: Ikseon Choi

Dear Students,
The purpose of these questions is to:
•
•

Gather information about your experiences during the on-line discussions in practicum
four and five.
Obtain some basic information about you.

Your answers are important because they can help us design better strategies to improve our online education in the future. Please, answer as accurately and honestly as possible.
Thank you for your cooperation!
Please, where applicable, place a check mark () or bold the letter that best represents
your opinion, or describe your opinion after each of the following questions.

PART I
These questions refer to your experience while using the discussion tools (Conet-c) .

1. The Conet-c tutorial was provided through the login page and practicum page.
a) Did you ever look at the tutorial?
a. Yes
b. No
b) If you used the tutorial,
a. Did the tutorial help you in understanding how Conet-c works? Explain.
b. If the tutorial did not help you, explain why not.
c) Please suggest ways for improving the tutorial.

2. Did you experience any difficulties/problems while using the Conet-c?

3. Please suggest ways for improving Conet-c.
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PART II
These questions refer to your experience in generating your questions.
1. In general, please describe how you generated the questions you asked your peers? For
example, what material did you look at, what did you think, etc.

2. Have you ever read the "Good questioning tips" provided in the discussion page?
a. Yes

b. No

If you answered "Yes", then skip to question No. 4.
3. If you did not read the "Good questioning tips," please explain why you did not review them?
(After answering, skip to PART III)

4. How often did you refer to the "Good questioning tips" throughout the entire Practicum 3 & 4
when developing questions or your opinions? Check or bold only one answer.
a. I referred to them every time I asked a question.
b. I referred to them approximately every other time I asked a question.
c. I referred to them every other third or fourth time I asked a question.
d. I read them only a couple of times through the discussion session.
e. I read them only once.
f. Other. Please explain: _________________________________________________

5. Did you find it useful to refer to the "Good questioning tips" in your questioning process?
Please check: Yes _____ No _____
a. If your answer is YES, in what way was it useful to you?

b. If your answer is NO, why was it not useful to you?

6. Which part (tips, generic examples, specific examples) of the "Good questioning tips" was
most useful to you? Please explain WHY.

7. Did you ever experience any difficulties/problems in using the questioning tips? If your
answer is YES, please explain.

8. Please suggest ways for improving the "Good questioning tips."
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PART III
These questions refer to your experience in answering questions.

1. Among the questions you received, think of one of the most challenging questions you had to
answer. Keep this question in mind as you answer questions a thru d:
a. What was the question?
b. What did you first think of and feel when you received the question?
c. How did you prepare the answer? (For example, what material did you look at, what did
you think, what did you do, etc.)
d. Do you think you learned something new during the process of preparing the answer?
Please check: Yes ____
No _____
If you learned something new,
Explain what this was.

Explain how you think you learned it.

2. Among the questions you received, think of one of the easiest questions you had to answer.
Keep this question in mind as you answer questions a thru d:
a. What was the question?
b. What did you first think of and feel when you received the question?
c. How did you prepare the answer? (For example, what material did you look at, what did
you think, what did you do, etc.)

d. Do you think you learned something new during the process of preparing the answer?
Please check: Yes ____
No _____
If you learned something new,
Explain what this was.
Explain how you think you learned it.
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PART IV
Please, circle the letter that best describes your situation.
1. Age group:
a. 18-21 years old
b. 22-25 years old
c. 26-30 years old
d. 31 - 40 years old
e. 41 or more
2. What is your native language?
a. English
b. Other: _____________________
3. Semester standing:
a. Freshman
b. Sophomore
c. Junior
d. Senior
e. Non-degreed
f. Other. Specify: _____________________
4. Reason(s) for taking this course (circle all that apply):
a. I need it for graduation
b. I need it for getting a certificate
c. I need it to fulfill an elective requirement
d. I have a special interest in the subject
e. I have no particular reason
f. My advisor/friend/other recommended it
g. Other. Specify: _____________________
5. Gender:
a. Female

b. Male

6. Race (optional):
a. Caucasian
b. African American
c. Hispanic
d. Asian
e. Other: ______
7. Specific work experience to date related to turfgrass management (internships, summer jobs,
part-time or full-time work, etc.) in months:
a. No work experience at all
b. 1 to 6
c. 7 to 12
d. 13 to 18
e. 19 to 24
f. If more than 2 years, please specify how many years: __________

APPENDIX E
Semi-Structured Interview Questionnaire
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Part I. Experience of using peer-challenge guidance (the questioning tips)
Questions
Let’s concentrate on the "Good questioning tips."
•

Note

Did you ever referred to the questioning tips during
practicum 3 & 4?
• How often?
• When did you referred to it?
• Did you ever experience any difficulties/problems in
using the questioning tips? Give me an example.
• Technical difficulties
• Interface design problems

Use of guidance

•

In general, how did you use the tips in your discussion
activities?

Integrating the guidance
in questioning activities

•

Was it useful/helpful for you to generate questions? Why?
• What part of the questioning tips was most useful to
you?
• What part of the questioning tips was not useful to
you?

Usefulness of the
guidance

•

Can you remember one case in which you used the
questioning tips for forming questions? Can you tell me
your experience?
• At the moment that you referred to the questioning
tips?
• In what way using the tips helped you?
• What other resources did you referred to when you
used the questioning tips?

A story of experience

•

In practicum 5, when the questioning tips were not
available, could you remember the questioning tips when
you posed your questions?
• Did your experience of using the questioning tips in
practicum 3 and 4 help in forming the questions in
practicum 5?

Perceived transfer
effects of the guidance
on questioning skills

•

Please suggest ways for improving the questioning tips.

Design suggestion

Obstacle in using it
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Part II. Experience of asking questions
Questions
You were asked to generate questions to your peers.
In general, how did you generate those questions?

Note
General process

Questions
Among the questions you asked, think of one thoughtful
question that would be representative of the typical
process that you followed when posing questions.
(Interviewer may choose examples –a good and a bad
one—from the subjects' questions.)

Note

•

•

What was the questions you asked? Also, what was
the context in which you asked the question (when,
who, why)?

•

Could you describe what you thought, felt, and did
for generating the question?

Types of questions

•

What did you think and feel first? (egolocative
process, reflection)

egolocative process, reflection

•

Next what did you think/do?

•

metacognition, restructuring
goal structure/activating
previous knowledge, what
kinds/forms of knowledge

Next what did you think/do for forming the
questions? (re-sampling)
• When you reviewed a peer's answers, what
aspects did you look at? Or how did you
approach the answers to ask further
questions?
• How did you decide what questions to ask
next?

•

Did you encounter any obstacles or difficulties in
asking questions?

•

What might help you to ask good questions?

suggestions

256

Part III. Experience of receiving questions & answering

•

Questions
In general, did you have any difficulty/obstacle
when you tried to answer your peers’ questions?

Questions
Among the questions you received, think of one of the
most challenging questions you had to answer.

Note
Obstacles in answering
process

Note

•
•

What was the question?
In what way does the question challenge you?

Types of question
Context of question

•

Could you describe what you thought, felt, and did
after receiving the question until you finally
answered the question?

Experienced cognition model

•

What did you think and feel first?

Belief failure

•
•

Next, what did you think?
Then, what did you do for answering?

Egolocative process
(reflection); Restructuring
goals; Re-sampling (activating
previous knowledge, types of
knowledge activated,
consulting resources)
Learning experience

•

Do you think you learned something new during the
process of preparing the answer?
• Explain what this was.
• Explain how you think you learned it.
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Questions
Among the questions you received, think of one of the
easiest questions you had to answer.

Note

•
•

What was the question?
In what way was the question easy for you?

Types of question
Context of question

•

Could you describe what you thought, felt, and did
after receiving the question until you finally
answered the question?

Experienced cognition model

•

What did you think and feel first?

Belief failure

•
•

Next, what did you think?
Then, what did you do for answering?

Egolocative process
(reflection); Restructuring
goals; Re-sampling (activating
previous knowledge, types of
knowledge activated,
consulting resources)
Learning experience

•

Do you think you learned something new during the
process of preparing the answer?
• Explain what this was.
• Explain how you think you learned it.

•

Interviewer identifies examples from the subject's answers based on the three types of
questions. Then, he will ask the same questions regarding these examples.

APPENDIX F
Peer-Challenge Guidance
(Good Questioning Tips)
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Good Questioning Tips

Your explanation is unclear.
You missed some important points in your answer.
You did not answer the question correctly.
I disagree with your answer.
What if the context (in which the problem or problematic situation occurred) changed?
What if the problem or problematic situation itself changed?
Let’s look at the problem or problematic situation from this perspective.

Your explanation is unclear.
Tips:
If a portion of the answer is unclear:
• identify the portion that is unclear
• try to explain why it is unclear
• ask for clarification
If the entire answer is unclear:
• try to explain why it is unclear
• ask for clarification
Generic examples:
• Who? When? Where? What? Why? How?
• What did you mean by the term ….?
• Could you please give specific examples of that?
• Could you please explain it more?
• Would you clearly differentiate between...?
Specific examples:
• (From P2 Q3) Your answer lacks some key points of importance in a turf's
temperature regulating capacity. What causes the thickness of the water vapor layer
around the plant to change? Does the atmospheric temperature slow down or speed
up transpiration rates? If this is true, on a hot day a plant would respire more than on
a cool day. Is this true? Does humidity have a direct effect on transpiration rates? If
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•

•

•
•

there is more humidity in the air, does the grass plant respire less? Are there any
other factors that have a direct effect on transpiration besides humidity, air
temperature and wind?
(From P2 Q5) Good answer, but you haven't covered all of the bases. At the end, I
think you should suggest he start a campaign to have your troubled greens rebuilt.
What else might be a solution to your problem besides aerification? Are there other
measures you could take to alleviate the problem?
(From P1 Q1) I'm glad that you covered the role of turf in reducing toxic emissions
from the air. Would you please give more information about what type, and how
much turf would it take to effectively control toxic emissions along roadsides, or
airport runways?
(From P1 Q1) I liked how you differentiated between the functions of the two areas
of roadside turfgrasses that to the naked eye might look the same. How might you
describe a turfless world to further emphasize your point?
(From P1 Q4) While your answer seemed to be very complete, I did come up with a
few questions. How does the width of the Kentucky bluegrass blade compare with
other cool season grasses? Can this be used to help distinguish it from the others?
Can the midvein be used to help distinguish Kentucky bluegrass from other cool
season grasses? If so, how?

You missed some important points in your answer
Tips:
Good answers may include the following:
• descriptions of problems or problematic situations
• identification of the important factors and explanations of why they are important.
• solutions to problems or improvements to problematic situations
• rationale for the proposed solution or improvement
• evidence that the rationale is sound and relevant
If necessary components were missed:
• identify (and explain, if appropriate) the missed component
• explain why it is important
Generic Examples:
• You identified an important factor affecting the problematic situation, but you didn’t
explain why it was important or the specific processes involved.
• I could better understand your answer if you would provide some specific examples.
• Did you include all of the features useful for ...?
• What is the purpose of each of the specific examples you provided?
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Specific examples:
• (From P1 Q2) While you described various determinants of turf quality, you didn't
cover any of the factors that influence them. For example, what would the effect of
hollow-tine cultivation be on the visual and functional quality of a turf?
• (From P1 Q3) Your answer was fairly complete, but missed some important factors
influencing recuperative capacity. Wouldn't toxic soil residues influence the
recuperative capacity of a turf?
• (From P1 Q3) I got the feeling from the first problem that the lack of aerification and
or drainage was the main problem. Can you describe the poor management practices
that led to your problems. When these are actually cures after the fact?
• (From P1 Q4) You seem to have answered the question fairly well; however, I
believe that you did not cover all of the morphological features in sufficient detail.
What are the differences in the ligules, collars and the auricles between and within the
four cool-season turfgrass genera listed in your answer?

You did not answer the question correctly
Tips:
If the question was not answered correctly:
• ask the question again
• provide some clarifying comments
If the answer contains unnecessary or irrelevant information:
• ask why this information was included in the answer
Generic Examples:
• If this point were excluded, would the answer still be satisfactory?
Specific examples:
• (From P1 Q1) Did you establish the importance of turfgrass on each of these sites?
• (From P1 Q2) Did you adequately explain how these turfs actually differ from each
other?
• (From P1 Q3) Did you properly distinguish between maintenance and recuperative
growth?
• (From P1 Q5) Did your answer properly distinguish between monocots and dicots?
• (From P1 Q6) Did you establish the boundaries for this system?
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I disagree with your answer
Tips:
If you disagree with the answer:
• identify the point or points with which you disagree
• explain why you are in disagreement with the answer
• provide specific evidence to support your position
Generic Examples:
• Your conclusion is not valid because…
• Your proposed solution will not work because…
• Did you really mean that ...?
Specific examples:
• (From P1 Q5) While I agree that trees and turfgrass both need care to survive, I think
turfgrass is a more complex system and has more of an ability to multiply than a tree,
especially considering the multitude of leaves a turfgrass plant produces. Are you
saying that trees and turfgrass plants reproduce the same way and with the same
results? How do turfgrass plants actually reproduce?
• (From P2 Q4) I'm not sure that taking all of the trees down is necessary. Besides, I’ve
dealt with some owners that don't want their trees cut down. Is it possible to
selectively remove some trees, or top them off, or even do some pruning? Then plant
a different turfgrass.
• (From P2 Q5) There are some parts to your answer with which I don't agree. Why
does water tend to drain faster through larger pore spaces? Also, is their another
reason why clayey soils retain more water than sandy soils other than smaller pore
spaces?
• (From P1 Q1) Did you really mean that a roadside area could not be planted to any
other type of vegetation?

What if the context (in which the problem or problematic situation occurred)
changed?
Tips:
To test the context-dependency of an answer, change the conditions surrounding the
problem or problematic situation and ask:
• how might this affect the conclusions from your analysis?
• how might this change your proposed solutions/improvements?
Generic Examples:
• What if … were different, would you have drawn the same conclusions?
• What if….were …., would the same solution still work?
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Specific examples:
• (From P1 Q2) How might your answer change if much of the fairway turf had
succumbed to disease?
• (From P1 Q3) How might your answer change if he were referring to fairways instead
of tees?
• (From P1 Q4) How might your answer change if the focus of his attention were the
flower garden instead of the lawn?
• (From P1 Q5) How might your answer change if the source of the grass plant was a
green mowed at 1/8th inch height?
• (From P1 Q6) How might your answer change if the questioner were an anti-pesticide
activist?
What if the problem or problematic situation itself changed?
Tips:
• Describe a related but, in some respects, different problem or problematic situation
and ask:
• would the conclusions from your analysis be the same?
• would your proposed solutions/improvements be the same?
Generic Examples:
• If the problem were different in these respects, how would that affect your
conclusions or proposed solutions?
Specific examples:
• (From P1 Q1) Suppose you were responding to a statement that turfgrass poses a
hazard to people to modern society because of the use of toxic chemicals for
maintenance?
• (From P1 Q2) How would your answer change if the registrations of all turf
pesticides were withdrawn, or if all chemical applications had to be made by licensed
professionals?
• (From P1 Q3) How would your answer change if the turfgrass on the tees was found
to be highly susceptible to a new disease that was devastating turf throughout the
region?
• (From P1 Q4) How would your answer change if one of the species present were
severely infested with an ugly disease?
• (From P1 Q5) How would your answer change if his sample was a small tree seedling
taken from a greenhouse potting bench?
• (From P1 Q6) How would your answer change if the questioner asked you to shift
your focus to the interactions between the golf course and the surrounding landscape?
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Let’s look at the problem or problematic situation from this perspective.
Tips:
After describing the problem/problematic situation from one perspective:
• identify the other principals who may be involved
• ask how each one of these principals might view the problem/problematic situation
• ask if this influence your conclusions or proposed solutions/improvements?
Generic Examples:
• Would the owner view this differently?
• If he or she had all of the facts, would that change your decision?
Specific examples:
• (From P1 Q1) Would your response have been more convincing if you had explained
the consequences of not having turf in each of your examples?
• (From P1 Q2) Would your response have changed if several of your neighbors
replaced their lawns with well-designed ornamental plantings?
• (From P1 Q3) Would your response change if the hole were being redesigned so that
this tee was being scheduled for reconstruction?
• (From P1 Q4) Would your response change if your neighbor suddenly announced that
he wanted to reestablish the lawn to creeping bentgrass?
• (From P1 Q5) Would your response change if you were addressing a local high
school class about turfgrasses and trees on the golf course?
• (From P1 Q6) What would your response be to someone who claimed that turf cannot
be part of an ecosystem because it's not "natural" plant community?

APPENDIX G
Tutorial for Conet-C
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Tutorial for Conet-C

How to login the CoNet-c
How to update my information (name, passwords, or email address) on the CoNet-c
How to post my initial answer for the assigned questions by the instructor
How to see peers' feedback for my answer and response to them
How to see peers' initial answers and give feedback

How to login the CoNet-c [Go to Top]
•
•

Before logging in please make sure that the current course name, semester, and year
are shown on the CoNet-c Login screen correctly.
Type your user ID and password given to you by your instructor, then click the
"Login" button (see below).

3. After successfully logging in you will see the Practicum Room. If you are visiting for
the first time, then you may want to check if your information is correct. If any
information is incorrect (such as name and email address), you need to correct it. See
How to update my information.
[Go to Top]

267
How to update my information (name, password or email address) on the CoNet-c
[Go to Top]
•

Click “Update my information” as shown below.

•

Change the information you want in the Registration Form (see below) and click on
the “Submit” button. You should use a different password from the PSU account.
The instructor or Webmaster will be allowed to see your password to fix unexpected
errors when you fail to login into the system.

•

Then, you will receive the following confirmation message if it is updated correctly:
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[Go to Top]

How to post my initial answer for the assigned questions by the instructor [Go to
Top]
1. After logging in, you will be able to see individual’s case boxes. Your working area
is the very first box on the top of the screen (see below). In the box, you can see the
five grass icons. Each grass icon indicates each practicum you have to work on during
the semester. The practicum and question numbers that have been assigned to you
are located just below each grass icon. For example, P3-Q1 means that the Question
#1 has been assigned to you in your third practicum session.

2. In order to see the question assigned to you and to post your initial answer for the
question, click the grass icon that corresponds to the practicum that you want to work
on according to the class schedule. Then you will see the following screen:
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3. Read the question assigned to you and write your answer on the box below. Please
note that you have to click "Save/Update" button to save your response before closing
this screen, otherwise you will loose what you just wrote. Once you click the
"Save/Update" button, then your answer will be available for peers to review for
further discussion.
4. If you want to update your previous answer, just follow the same procedure and click
the "Save/Update" button to update your answer.
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5. When you finish working on this page, you have to close the current window either
by clicking the "Close" button on the answer window (see above) or using the close
command on your browser.
6. After finishing your initial answer, you have to indicate the stage of your answering
process to your peers by choosing "Initial" in the selection button in your working
area in the Practicum Room page (see below). Likewise, if you update your answer
after a discussion with your peers, then choose "Revising." After posting your final
answer, then you can choose "Final" so instructors and peers can see that you are at
the final stage of your answer.

[Go to Top]

How to see peers' feedback for my answer and response to them [Go to Top]
•

You can see five “Feedback” icons. Each “Feedback” icon corresponds to the
practicum right above it as shown in the picture below. Within your working area,
click on one of the five "Feedback" icons you want to work with. Again, the very
first box on the top of the Practicum Room page is your working area box.
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•

After you click on it, you will see the following feedback page. You can see the
peers' feedback on the right screen by clicking one of the feedback titles on the left
screen.

•

After reviewing peer's feedback (questions or other opinions), you can reply to them
by clicking the “Reply” button on the right screen as shown below.
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•

Once you click the “Reply” button, you will see the edit screen as shown below. You
can write down your responses on the edit screen and then click the “Send” button.
On the left screen, the title of your response will be placed right under the previous
message you just replied to.
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[Go to Top]

How to see peers' initial answers and give feedback [Go to Top]
•

Except the very first box in the Practicum Room page, all other working area boxes
belong to your peers. As shown below, you can simply choose one of your peer’s
working boxes and click one of the grass icons that corresponds to the practicum
number you want to review. Then you will be able to see the question assigned to
this peer and his/her initial answer. However, you cannot change the answers but
review them.
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•

After reviewing the peer's answer, you can open the corresponding feedback page by
clicking the “Feedback” icon. Then, you will see the following screen:

•

In order to begin to discuss new issues or to pose new feedback, you can click the
“Initiate opinion” link on the left screen. Then, you will see the text-editing box on
the right window as shown below. Once you are finished writing, then click the
“Send” button.
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•

If you want to review a person’s responses or feedback from others, then just click on
one of the list of titles on the left screen. You can reply to specific feedback or
responses by clicking the “Reply” button, writing your feedback, and clicking the
“Send” button. (See also How to see peers' feedback for my answer and response to
them)
[Go to Top]
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An Example of Informed Consent Form
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INFORMED CONSENT FORM FOR BEHAVIORAL RESEARCH STUDY
The Pennsylvania State University
Title of project:
Persons in
charge:

1.

The effects of on-line small group discussion on learning

Ikseon Choi
253 ASI Building, Penn State Univ.
University Park, PA 16802
814-865-4082
ixc2@psu.edu

Professor Susan M. Land
315 Keller Building, Penn State Univ.
University Park, PA 16802
814-863-5990
sland@psu.edu

This section provides an explanation of the study in which you will be participating:
A. The study in which you will be participating is part of a research intended to investigate effective
instructional strategies for on-line group discussion. By conducting this study, we hope to develop
more effective on-line instructional strategies that improve students' performance in understanding
and problem solving.
B. If you agree to take part in this study, you will be asked to fill out one questionnaire related to you
and your experience while participating in on-line discussion. In addition, you, together with ten
other participants selected at random from the rest of the class, may be asked to volunteer to
participate in a telephone-interview after this study is completed. During the telephone-interview,
audio tape recording may be employed with your consent. In addition, you will be asked to
complete the regular classroom assignments (especially group discussions in five practicums) and
all three exams assigned by the professor. Your responses (on-line discussions, examinations,
survey, and interview), together with those of approximately fifty other students, will be used to
draw conclusions about the effects of on-line discussion strategies on learning.
C. Besides the time you need to put in for the regular course work, your participation in the research
will take approximately 30 minutes for completing one questionnaire. If you are also asked and
agree to participate in the telephone-interview, it will take another 30 minutes. The questionnaire
and interview will be administered in April and May.
D. In return for your participation, you will receive a 10-point extra credit (out of 400 points) to be
applied to your final grade.
E. If you do not wish to participate in this research, you may earn equivalent extra credit by
completing a special project related to the material to be covered in class during the duration of the
study as specified by your instructor. You will receive detailed information on this project upon
request.
F.

As stated earlier, this study will involve the use of audio tape recording. Only I, Ikseon Choi, will
have access to these records. These records will be destroyed approximately one year after the
appropriate analysis to this data is completed.
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2.

This section describes your rights as a research participant:
A. You may ask any questions about the research procedures, and these questions will be answered.
Further questions should be directed to Ikseon Choi and Dr. Susan M. Land. Their contact
information is found at the top of this form.
B. Your participation in this research is confidential. Only I, Ikseon Choi, will have access to your
identity and to information that can be associated with your identity. In the event of publication of
this research, no personally identifying information will be disclosed. Rather, where group results
are reported, pseudonyms will be used.
C. Your participation is voluntary. You are free to stop participating in the research at any time, or to
decline to answer any specific questions without penalty.
D. This study involves minimal risk; that is, no risks to your physical or mental health beyond those
encountered in the normal course of everyday life.

3.

This section indicates that you are giving your informed consent to participate in the research:

Participant:
I agree to participate in a scientific investigation of Ikseon Choi, as an authorized part of the education
and research program of the Pennsylvania State University.
I understand the information given to me, and I have received answers to any questions I may have had
about the research procedure. I understand and agree to the conditions of this study as described.
To the best of my knowledge and belief, I have no physical or mental illness or difficulties that would
increase the risk to me of participation in this study.
I understand that my participation in this research is voluntary, and that I may withdraw from this
study at any time by notifying the person in charge.
I am 18 years of age or older.
I understand that I will receive a signed copy of this consent form.
I understand that if I fill out this form through on-line, though very unlikely, there is the possibility that
others may see this transaction.
_____________________________________
Signature

__________________
Date

_____________________________________
Please print
Researcher:
I certify that the informed consent procedure has been followed, and that I have answered any
questions from the participant above as fully as possible.
_____________________________________

Signature

__________________

Date

Vita of Ikseon C h o i
91B Horrabin Hall, ITT, 1 University Circle, Macomb, IL 61455; (309) 298-2963; i-choi@wiu.edu

Education
Ph. D., Instructional Systems, The Pennsylvania State University. 2002
M. Ed., Educational Psychology, Chung-Ang, University, Seoul. 1996
B.A., Education, Chung-Ang University, Seoul. 1992
Major Experience
Aug. 2001–
Present
Aug. 1997–
July 2001

June–Aug. 1999

June–Dec. 1996

June 1993–
June 1995

Assistant Professor
Dept. of Instructional Technology and Telecommunications
Western Illinois University, Macomb, Illinois
Research Assistant
Instructional Systems (1997-2000)
Dept. of Agronomy (2000-2001)
The Pennsylvania State University, University Park, Pennsylvania
Instructor
Instructional Systems Program
The Pennsylvania State University, University Park, Pennsylvania
Researcher
Center for Educational Multimedia Research & Development, an Annex
of the Korean Educational Development Institute, Seoul
Researcher
Research Center of Korean Youth Culture, Seoul
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