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Abstract:

This study provides a preliminary look into the process of mathematical problem solving within small
groups in an online environment, and distinguishes the behaviors of individuals and groups involved in
effective collaborative problem solving via computer-mediated communication.

The subjects of this study included four groups of three middle school teachers enrolled in a
mathematical content course in which the primary format was group problem solving with
communications mediated by computer. Data was collected by observing and performing a content
analysis on transcripts of online problem-solving protocols, and coding messages along four
dimensions - (a) participative, (b) social, (¢) interactive, and (d) heuristic episode - using a framework
developed by the researcher. Problem-solving success was measured by group achievement on the
assigned problem-solving task as determined by an analytical rubric.

Several important conclusions emerged concerning computer-mediated collaborative problem solving.
The primary observations related to the ways in which groups communicated and participated. The data
indicated that the most effective group not only participated more, but also socialized less, interacted
more, with more task-specific content and more interactions related to solving the problem.
Additionally, this group collaborated throughout the problem-solving process in a recursive nature,
working to understand the problem, develop a plan, execute that plan, and verify the results, and
revisiting each of these heuristic stages. This study also illuminated several issues related to the use of
technology for collaborative problem solving. Evidence pointed to the choice between asynchronous
and synchronous modes for communication as the primary determinant in the amount of participation
and the amount and type of interactivity amongst members. While asynchronous messages tended to
contain more lengthy messages with multiple units of meaning, the messages were few, and the
communication between group members was highly non-interactive and appeared to do little to
advance group problem-solving efforts. In contrast, the synchronous mode was much more interactive
in nature and appeared to promote much greater collaboration.

In conclusion the author includes several suggestions for promoting effective collaboration and
successful problem-solving groups; they include communication requirements and guidelines, and
considerations for group composition and task characteristics. Additionally, the author suggests several
ideas for future research.
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ABSTRACT

This study provides a preliminary look into the process of mathematical problem solving
within small groups in an online environment, and distinguishes the behaviors of
individuals and groups involved in effective collaborative problem solving via computer-
mediated communication.

The subjects of this study included four groups of three middle school teachers enrolled
in a mathematical content course in which the primary format was group problem solving
with communications mediated by computer. Data was collected by observing and
performing a content analysis on transcripts of online problem-solving protocols, and
coding messages along four dimensions ~ (a) participative, (b) social, (c) interactive, and
(d) heuristic episode — using a framework developed by the researcher. Problem-solving
success was measured by group achievement on the assigned problem-solvmg task as
determined by an analytical rubric.

Several important conclusions emerged concerning computer-mediated collaborative
problem solving. The primary observations related to the ways in which groups
communicated and participated. The data indicated that the most effective group not only
participated more, but also socialized less, interacted more, with more task-specific
content and more interactions related to solving the problem. Additionally, this group
collaborated throughout the problem-solving process in a recursive nature, working to
understand the problem, develop a plan, execute that plan, and verify the results, and
revisiting each of these heuristic stages. This study also illuminated several issues related
to the use of technology for collaborative problem solving. Evidence pointed to the
choice between asynchronous and synchronous modes for communication as the primary
determinant in the amount of participation and the amount and type of interactivity
amongst members. While asynchronous messages tended to contain more lengthy
messages with multiple units of meaning, the messages were few, and the communication
betweén group members was highly non-interactive and appeared to do little to advance
group problem-solving efforts. In contrast, the synchronous mode was much more
interactive in nature and appeared to promote much greater collaboration.

In conclusion the author includes several suggestions for promoting effective
collaboration and successful problem-solving groups; they include communication
requirements and guidelines, and considerations for group composition and task
characteristics. Additionally, the author suggests several ideas for future research.




CHAPTER I
PROBLEM STATEMENT AND REVIEW OF THE LITERATURE
Introduction

Though the nature of educational activities and discourse distinguishes a variety
of learning environments, perhaps no form of education is so significantly defined by its
choice of communication medium, as is distance learning. As the principal link between
students and their instructors, communication technologies play a central role in shaping
the practice and character of distance education. While past advancements in
communication have affected the delivery of course materials, nothing has so
dramatically altered the relationships between students, teachers, and the activities that
take place in distance learning as the advent of online technologies (Kahle, 2000). The
traditional model of distance learﬁing Waé a one-way approach that placed emphasis on
independent study, supported by well-developed learning materials (Verdejo & Cerri,
1994). -The isolation of this model excluded Ic‘aarners from valuable learning activities
such as information sharing, interaction and collaboration. In a discipline such as
mathematics where conceptual knowledge and mathematical know-how are often
difficult to acquire from textbook alone, this isolation was quite detrimen/tal. Fortunately,
the rapidly increasing availability and use of online technologies such as computer-
mediated communication have provided a solution to this problem. Computer-mediated

communication as defined by Ebbelink (1999), refers to the exchange of information,

including text, graphics, images, audio and video, between persons by way of computer




-networks. The exchange of information can be synchronous (real-time), or asynchronous
(people communicating at different times), and includes, among many others, systems
such as e-mail, bulletin boards, and computer conferencing. Computer-mediated
communication facilitates the interaqtion between épatially separated learners so that
students in remote places can potentially benefit as if they were in a classroom with
peers. It offers new facilities and oppo@nities to improve the collaborative aspects of
learning without reducing individual flexibility (Kaye, 1992). As a result of this
technology, valuable learning activities such as collaborative problem ;Q,olving have seen
growing use and attention in teaching mathematics at a distance.

While extensive research has shown that collaborative learﬁing and problem
solving are effective means for increasing student knowledge in mathematics, and
developing key problem-solving skills such as metacognition and cognition (Curcio &
Artzt, 1998; Schoenfeld, 1987), research on online collaborative activities is still
relatively limited. Mason (1992), in a review of research and evaluation methodologies
for computer-conferencing applications, found that a majority of the literature consists of
descriptions of applications, and that most existiﬁg studies stop with quantitative analyses
of things such as who sent messages, number and time of logons, and message maps
showing the links between messages and the number of replies. In addition, even fewer
s‘;udies have investigated the nature of learning mathematics collaboratively online.
Unfortunately, the ability to communicate via computer does not guarantee a worthwhile
learning experience or even collaboration. In fact, theories of what constitutes true

collaboration and quality work in this medium still remain uncommon (Newman, Webb,




& Cochrane, 1995) and must be considered. For this reason, current research efforts aré
beginning to focus on the analysis of online conference content, specifically to identify
characteristics of quélity learning experiences in areas such as collaborative mathematical
problem solving. This study contributes to the critical and still small body of research on

this topic.

Statement of Purpose

This study provides a preliminary look into the process- of mathématical problem
solving within small groups in an online environment, with the goal of distinguishing the
behaviors of individuals and groups involved in effective collaborative problem solving
via computer-mediated communication. Specifically, the purpose of this study is to
develop and utiliée a framework for codiné the participative, social, and interactive
behaviors of students in these groups throughqut different stages of the problem-solving
process, and to analyze, characterize, and describe the impact of hthese behaviors on the
quality of the collaborativ;e learning experience and the success in p¥0blem solving,

The aim of the study may be succinctly expressed through three main questions:

1. 'What behaviors do small groups, usjng computer-mediated communication,

exhibit in terms of participation, énd interaction — social and otherwise —
while involved in collaborative mathematical problem solving?

2. Is there evidence of characteristic online interactive behaviors that enhance or

diminish the quality of collaboration within a group?




3. Is there evidence of characteristic structures in the groups’ collaborative

behavior that lead to problem-solving success or problem-solving failure? .

Significance of the Study

As we enter the 21% century, the use of online technologies in education continues
~ to grow rapidly. The Internet has quickly changed from a convenient tool for gathering
résources to an 'opportune medium for delivering courses to countless students in distant
places. Computer-mediated communication has provided an ideal solution for
overcoming time and space gaps in distance éducation (Kaye, 1992). Along with the
benefits it provides, however, computer;mediated communication changes the nature of
learning activities. In fact, research has revealed that face-to-face communication and
interactions differ significantly from asynchronous and even synchronous computer-
mediated communication and interactions (Levin, Kim, & Riel, 1990). This evidence
points to potentially critical implications for activities in which communication and
interaction are essential practices. For example, in education, the verbal communication
in peer discussions is the key feature of collaborative learning strategies (Higgins, 19915.
Within the new medium, communication is most often written. In addition, peer
interactidn in collaborative learning activities, which is naturally synchronous in the face-
to-face mode, is oftentimes asynchronous with the use of .computer-mediated
communication. Synchronicity may be a critical feature of peer interaction and an
important component in the developing theories of the slocial construction of knowledge

as they pertain to collaborative learning. On the other hand, asynchronous




communication may produce exchanges of richer intellectual quality than those resulting
from immediate face-to-face dialo;gue (Levinson, 1989), and may improve group problem
solving (Higgins, 1991). Consequently, educators are finding it necessary to reevaluate
theories of teaching and learning within this new environment.

In the realm of educational computer-mediated communication, most existing
studies have merely investigated general issues of collaboration. Surface questions
relating to online .collaboratior'l, such as amount or patterns of participation and
participant satisf;clction, have been successfully answered (Levin et al., 1990). Although
important, t.hesé:que.stions mask important aspects of what is happening in a computer-
mediated communication environment. For example, message maps can reveal the
existence of exteﬁsive and complex webs of interactivity within a conference, but have
only a limited significance without information about the content of those messages and
the perceptions and intentions of the users at the time the messages were sent (Kaye,
1992). Indeed, few studies have focused on the types and quality of interactions and the
quality of the learning experience in online colléborative groups. Mason (1992)
suggested expanding research to include educational goals such as critical thinking, deep
understanding of content or broad awareness of issues, and sent §ut an appeal for
evaluators “to take up the challenge of content analysis both as a key to increasing the
professionalism of the field and as the essence of the educational value of the activity” (p.
115). Mathematics educators have much work to do in this arena. Very few studies have

explored the process of computer-mediated collaborative learning in mathematics, with
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even fewer focusing on the quality of collaborativev mathematical problem solving in this
medium. |

A sﬁeciﬁc concern to mathematics educators is the impact of compu’;er-mediated
communication on collaborative problem solving in the online environment. Since the
publication of the National Council of Teachers of Mathematics’ (NCTM, 1989)
Curriculum and Evaluation Standards for School Mathemdtics, mathematics educators
have continued to move toward a mofé collaborative approach. Research on the effects
of collaborative learning on achievement oﬁtcomes has largely been positive (Webb,
1991). In particular, the collaborative.app'r;)ach has proven to be quite effective for
improving mathematical problem-solving ability. Still, while a large amount of literature
exists on matﬁematical problem solving and collaborative mathematical problem solving,
nearly all of the existing studies focus on this process in a face-to-face environment.
With the inevitable con.tinuing growth in the use of online courses, researchers must now
focus on identifying the nature of any similarities or differences that the process in the
online medium might have with that in ;che face-to-face environment in order to make the
most effective use of distance technologies and to determine the best ways to support and
facilitate effective collaborative problem solving within the changed environment. First,
though, fundamental questions about the nature of computer-mediated collaboration for
" mathematical pfoblem solving must be addressed. Central to these questibns is the need
to‘ determine how students collaborate or even if they collaborate during online group
mathema_tical problem—éolving exercises. Itis quite possible that students might come

together only to delegate individual subtasks, then again only to compile results. This




type of behavior would not be considered collaboration. On the other hand, students may
work jointly through each stage of problem solving ~ analyzing the problem together,
planning, executing, and verifying the solution. While student behavior probably falls
somewhere between these two extremes, it is important to determine where it falls and
also the effect of this behavior on the success of group problem-solving efforts. Indeed,
prior to this study, there were no studies that analyzed and classified the participative,
social, and interactive behaviors occurring during computer-mediated c.ollaborative
mathematical problem solving, thereby bridging the gap between the existing knowledge
of collaborative mathematical problem solving in the face-to-face mdde and the newest
findings on collaborative leaming in the distance-learning realm.

In the context of these issues and problems, this thesis represéﬂts an effort to
provide initial insight into the process-of computer-mediated collaborative mathematical
problem solving, and to address the fundamental issues regarding the definition of
effective online collaboration, by furthering the understanding of individual and group
behaviors occurring in srhall groups solving mathematics problems. Speciﬁcally, it
examines the collaborative characteristics, in terms of participative, social and interactive
behaviors of these students in relation to the problem solving process, and considers the
implicaﬁéns of these behaviors on the success and failure in problem solving and the
quality of collaborative learning experiences, thereby shedding light on how to instruct
and promote more successfql collaborative mathematical problem-solving groups within

the online medium.




For the purpose of this study, the following térms are vsed: .

1.

~ way of computer networks.

. Collaborative problem solving: A mutual engagement of participants in a

. Computer-mediated collaborative problem solving: Collaborative

of collaborating toward the solution of 2 mathematical problem.

Definition of Terms

Computer-mediated communication: Communication between persons by

coordinated effort to solve a problem together.

problem solving via computer-mediated communication.

Problem-solving groups: Small groups of students, joined for the purpose

Message: A communication sent from one member of a group to other

members of that group.

Unit of Meaning: Statement(s) or question(s) to communicate the thing
one intends to convey.

Participative Behavior: The total contribution of an individual or group in

the process of collaborative mathematical problem solving. This behavior
is quantified by the number of messages sent and units of meaning
) :

contributed.

a. QOverall Participation: The total number of units of meaning

contributed.

b. Task-Specific Participation: The total number of units of meaning

related to formal content or process of online problem solving.




8. Social Behavior: Contributions of an individual or group not related to
formal content, subject matter or collaborative process of the group.

9. Interactive Behavior: Mutual and reciprocal contributions of an individual

or group (e.g. statements, questions, or comments that receive response, or
that are made in response to other statements, questions or comments)

during the process of collaborative mathematical problem solving.

a. Task-specific Interactions: Interactive statements, questions or
comments directly related to the learning activity. Within this
study, task-specific interactions include problem-solving

interactions and other interactions.

1. Problem-Solving Interactions: Interactions related to the
formal content or process of problem solving.

ii. Other Interactions: Interactions related to the use' of the

technology, or to the process of online collaboration.

10. Non-Interactive contributions: Statements or questions relating to the

subject under discussion, but which are not in response to another

message, and which do not lead to any further statements or questions.

11. Heuristic episode: A period of time during which an individual or group
is engaged in one large task, such as analyzing the problem, exploring the
problem, or verifying the solution. For the purpose of this study, there are
four heuristié _episodes: orientation, organization, execution, and

verification.
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a. Orientation: The stage of problem solving during which strategic
behavior to assess and understand a problem occurs.

b. Organization: The stage of problem solving ‘,during which

- planning of behavior and choice of actions occurs.

c. Execution: The stage of problem solving during which regulation
of behavior to conform to plans occurs.

d. Veriﬁcation:_ The stage of problem solving during which
evaluation of decisions made and of outcomes of executed plans

occurs.

Review of the Literature

This study investigates the process of collaborative mathematical problem solving '
in an online environment in order to characterize the participative, social, and interactive
behaviors of small groups of students throughout the problem-solving process, and to

J

describe the impact of these behaviors on the quality of the collaborative experience and
the success or failure in problem solving. | *

. The following discussion reviews the résearch literature that provides a theoreticél
background for thc;, study aﬁd informed the stated purpose of inquiry. The areas of
research include mathem'atical‘ problem solving, collaborative mathematical problem

solving, computer-mediated communication, and collaboration via computer-mediated

communication.
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Research on Mathematical Problem Solving

Problem solving has a special importance in the study of mathematics. A primary
goal of fnathematics teaching and learning is to develop the ability to solve a wide variety
of complex mathematics i)roblems. So, what is problem solving? “Problem solving,”
although a frequently used term, and a practice that continues to see increasing use and
recognition for its importance in mathematics education, remains without a clear,
universal definition. In fact, most.exercises of problem-solving research have made some
attempt to define mathematics problem solving. Yet, sometimes words fail. Most people
resort to a few examples and a few non-examples (Wilson, Fernandez, & Hadaway,
1994). For this reason, when two people talk about mathematics problem solving, they
may not be talking about the same thing. A problem, as defined by Krulik and Rudnick
(1988), is a situation, quantitative or otherwise, which an individual or a group of
individuals confronts, that requires resolution, ana for which a readily apparent solution
~ path does not exist. Typical activities that are considered as mathematical problem
solving include finding solutions to word problems, creating patterns, interpreting
figures, developing mathematical models, developing constructions or, proving '
mat.hematical theorems. Problem solving can also be defined by its inherent challenge
created by the lack of a universal problem-solving method. Unlike ot'her mathematical
learning activities that require an application of specific procedures or algorithms, there
are a myriad of different problem-solving methods, some of which only work for specific
problems or in particular domains or under special conditions while others are more

.general and apply to large classes of problems. Furthermore, there may be several
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different ways of solving the same problem and two students may reach the same solution
by totally different routes or apply the same method in quite different ways. All of this
makes teaching, learning and researching problem solving a challenging task.

Although the teaching and learning of mathematical problem solving has received
time and attention throughout most of the 20" century, a special surge of research began
in the late 1970s with the gfowing realization that problem solving is an extremely
complex mental activity. Until this time most researchers were interested only in
analyzing the cognitive aspects of problem solving (Days, Kulm, & Wheatley, 1979;
Lu;:as, 1974; Polya, 1957; Vos, 1976). These researchers were concerned about
characteristics of problem solvers, problem-solving performance, in terms of success and
faiiure, and categorizing strategies employed by problem solvers. Studies placéd much
emphasis on studying the cognitive strategies used by expert problem solvers, with the
goal of identifying processes, or heuristics, which might be taught to novice or below-
average problem solvers (Lucas, 1974; Polya, 1957; Schoenfeld, 1979a; Vos, 1976).
Numerous useful problem-solving strategie;s were developed, mostly based on Polya’s
(1957) four phases of problem solving: understanding the problem, devising a plan, .
carrying out the plan, and looking back. However, attempts at teaching those “heuristics”
yielded only marginal success. Schoenfeld (1979b) provide_d several reasons for why the
instruction in these strategies was' ineffective. They included the following: The
strategies were not yet described in sufficient detail; they were descriptive, rather than
prescriptive; and there were too many potentially useful strategies. By insufficient detail

he implied that labels given to strategies categorized a range of behaviors and were not
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detailed enough to spgcify how the strategy might be used. In the distinction between
descripﬁve and prescﬁpﬁve, Schoenfeld contended that knowing about strategies does
not increase the likelihood that one will use them. He stated that “for a problem-solving
scheme to be useful...it must suggest how and when to use particular problem-solving
techniques” (Schoenfeld, 1979, p. 3). Finally, Schoenfeld believed that a long list of
strategies is of little value unless it is part of a manageable scheme.

He designed such a scheme or model, based upon observatioﬁs of “expert”
problem solvers"(professional.'mathematicians), and used the model in an attempt to tfain
students to think like ex;.)erts..: ‘This model i.I_lcluded five well-described and prescriptive‘
stages: (a) analysis, (b) design, (c) exploration, (d)A_imple,mentation, and (e) verification.
Results indicated that by using this method students became more fluent at generating
plausible approaches to problems. Yet, educators found that even with éxtensive training
of this type, many students were still incompetent at solving probfems. Researchers
traced this inability to a lack of awareness and coﬁtrol of knowledge and skills (Flavell,
1976; Garofalo & Lester, 1982; Schoenfeld, 1981). |

Schoenfeld (1981) characterized the “managerial” aspects of expert and novice .
problem-solving behavior, by describing the impact of “executive” actions on the success
in problem solving. He defined two types of decisions, “tactical” and “strategic,” which
are necessary in mathematical pyoblem solving. Tactics, as defined by Schoenfeld, are
“things to implement” (p. 5) such as algorithms and heuristics. Strategic or managerial
‘decisions, in contrast, have a major impact on the direction that a solution will take, and

on allocation of problem-solving resources. Schoenfeld saw the lack of success in
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teaching problem solving to be the result of neglecting the essential aspect of managerial
behaviors. He stated that “heuristic fluency is of little value if the heuristics are not
‘managed’ properly,” (Schoenfeld, 1979b, p. 3) and labeled these managerial actions
“metaheuristics.” Schoenfeld analyzed these executive decisions by developing a
ffamework to look at the major “episodes” of problem solving, periods of time during
which problem solvers were engagéd in a single stage such as analysis, or exploration.
He focused on decision making between episodes, as he considered those times as critical
make-or-break points for success in ﬁnciing a solution. . ﬂis findings sﬁowed that expert
problem solvers tended to have rather keen manage.rial skills, and strived for efficiency
~and accuracy. In contrast, novices wasted their problem;solving resources because they
lacked such managerial skills. r

These manageriai or self-regulation skills soon became known as
“metacognition.” Translated into everyday languaée, metacognition means “thinking
about your own thinking.” As one of the early researchers to stress the importance of
metacognition in cognitive performance, Flavell (1976) described it as follows:

I am engaging in metacoénition. ..if I notice that T am having more trouble

learning A than B; if it strikes me that I should double-check C before accepting it

as a fact...metacognition refers, among other things, to the active monitoring and

consequent regulation and organization of these processes to the cognitive objects

on which they bear. (p. 232)
Palinscar and Brown (1984) divided metacognition into two related but distinct
categories, knowledge of cognition a'nd regulation of cognition. Knowledge of cognition

includes what a person knows about one’s own cognitive processes, abilities, and

resources as they pertain to specific cognitive tasks. This category also includes beliefs
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as a type of knowledge and an important influence on cognitive behavior. This category
was divided further as the result of Garofalo and Lester’s (1985) extension of Flavell and
Wellman’s (1977) person, task, and strategy categories of metacognitive knowledge to
the realm of matheématics. In this context Garofalo and Lester described person
knowledge as:
One’s assessment of one’s own capabilities and limitations with respect to
mathematics in general and also with respect to particular mathematical topics or
tasks. Such knowledge also includes ones particular beliefs concerning the
nature of mathematical ability, the relationship of performance in mathematics to
performance in other areas, and the effects of affective variables such as
motivation, anxiety, and perseverance. (p. 167) :
Mathematical task knowledge is defined as:
One’s beliefs about the subject of mathematics as well as beliefs about the nature

of mathematical tasks. This knowledge also includes an awareness of the effects
of task features such as content, context, structure, and syntax on task difficulty.

(p. 167)

Mathematical strategy kﬁowledge includes:

Knowledge of algorithms and heuristics, but it also includes a person’s awareness

of strategies to aid in comprehending problem statements, organizing information

or data, planning solution attempts, executing plans, and checking results. (p.

168)

Regulation of cognition refers to a variety of decisions and strategic activities that
one might engage in during cognitive tasks. Examples of such decisions and activities
‘include planning courses of action, selecting appropriate tools or strategies to complete a
task, evaluating outcomes of strategies and plans, and, when necessary, choosing to
abandon nonproductive plans. The depth of one’s metacognitive knowledge can

influence the types of strategies he or she uses for managing and regulating cognitive

plans and decisions, and hence affect his or her level of success in problem solving.
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Researchers confirmed that successful problem solving depends on having not only
adequate knowledge but also sufficient metacogniti\.re ability (Flavell, 1976; Garofalo &
Lester, 1982, Schoeﬂfeld, 1981, 1982a). They also revealed that metacognitive beliefs,
decisions, and actions are important determinants of success or failure in a wide variety
of activities (Garéfalo & Lester, 1985; Schoenfeld, 1981, 1982a). As a result, much of

the focus of research in mathematical problem solving shifted to the role of

~ metacognition (Goos & Galbraith, 1996; Swanson, 1990; Wong, 1989).

Several researchers developed cognitive-metacognitive frameworks for the
purpose of looking at problem-solving behaviors. In 1984, Schoenfeld further developed
his ideas of metacognition and his framework from 1981. He believed that consideration
of three distinct levels was necessary for accurate insight into one’s problem-solving
performance. These three levels were (a) resources (knowledge that a person i)rings with
them to a particular problem), (b) control (the ability to make decisions about the
selection of strategies and implementation), and (c) belief system (one’s beliefs.about
oneself, the environment, and mathematics that will affect behavior).

Garofalo and Lester (1985) also developed a framework related to Polya’s (1957)
four phases of problem solving. The four categories in Garofalo and Lester’s framework
were: (a) orientation, (b)‘ organizatlion, (c) execution, and (d) verification. These
categories were more broadly defined than Polya’s phases, and specified key points
where metacognitive decisions were likely to inﬂuence cognitive actions.

Biggs (1987) chose to break down metacognitive strategies into three different

types based on his theory that the depth of one’s metacognitive knowledge can influence
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the type of strategies one uses for monitoring and regulating cognition. His three
categories were: (a) surface strategies (reproduced through rote learning), (b) deep
strategies (meaningful, requiring the im-/olvement of previous relevant knowledge), and
(c) achieving strategies (involving organizing one’s time and working space).

The importance of the above frameworks is that they all allowed for a variety of
possible behaviors, whether cognitive or metacognitive. In particular, they highlighted
aspects of behavior where the presence or absence of metacognitive- actions can be seen.
Although the frameworks developed by Schoenfeld, Garofalo and Lester, and Biggs had
differences, they all emphasized the importance of self-regulation in problem solving,
and have been used as tools for analyzing metacognitive aspects of mathematical
performance.

Other studies investigated the relationship between metacognition and academic
and problem-s'olving ability. Wong (1989) examined whether students from different
academic settings differed in their usage of metacognitive strategies in mathematical
problem solving. Specifically, he looked at students from different academic streams
(academic performance levels), academic tracks (e.g. science, arts, and general), and
grade levels. He sought to determine how frequently students employed metacognitive
strategies, and if strategies differed based upon academic setting. Using a questionnaire
based on Garofalo and Lester’s (1985) cognjtive-metacognifive framework, Biggs’
(1987) framework, and a section which measured students’ beliefs in problem-solving
strategies, Wong found that although most students reported practicing some

metacognitive activities, students from the lowest academic level reported using fewer
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metacognitive strategies than studénts from higher academic levels. He also found that
students in the lowest level used surface strategies more often than deep sﬁategiés, and as
level increased the use of deep strategies also increased.

Wong’s (1989) research suggested that academic ability influences metacognition
in three ways:

1. The lack of aca‘demic ability hinders a student’s knowledge of strategies.

2. The lack of knowledge of metacognition results in poor academic

performance.

3. Teaching styles can encourage or impede the development of metacognitive
abilities. '

In another study, Swanson (1990) analyzed the relationship between
metacognitive knowledge and problem-solving aptitude. His primary interest was in
finding whether high levels of metacognitive knowledge about problem solving could
compensate for low overall aptitude. To test his h}'rpothesis he considered four groups:
those with high aptitude and high metacognitive ability; those with low aptitude and low
metacognitive ability; and those with low aptitude and high metacognitive ability.
Aptitude was deteﬁnined by standardized coghitive ability and achievement tests and a
questionnaire was used to assess metacognition in the general domain of problem
solving. In order to analyze the children’s use of heuristics and strategies, think-aloud
protocols were utilized.

The results suggested that the high aptitude/high metacognitive ability students
had a greater array of heuristjc and strategy tools than students of other abilities.

Furthermore, analysis suggested that the advantage in problem solving for high
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metacognitive ability students might be the result of mental representations that reflect if-
then thinking and the prioritization of strategies. More importantly, however, findings
showed the high metacognitive individuals significantly outperformed low metacognitive
individuals regardless of aptitude.

. The importance of metacognitive knO\;vledge as a determinant in mathematical
problem-solving success is clearly well established (Schoenfeld, 1981; Swanson, 1990;
Wong, 1989). Determining the existence of metacognitive behaviors in problem-solving

processes, however, has proven to be more difficult to ascertain.

Methods of Protocol Analysis for Mathematical Problem-Solving Episodes. As

recognition of the complexity of problem solving grew, the need for new methods of
analyzing problem-solving protocols also increased. While experimental methodologies
of the 1960s and 70s satiéﬁed behaviorists and scientists concerned with the lack of
replicable or verifiable data associated with the analysis of verbal repoﬁs once used to
reseafch the nature of human cognitive processes, it became evident that controlling the
multitude of variables involved, and extrapolating results from well-designed laboratory
~ studies to complex cognitive phenomena were complicated tasks that were difficult to
complete with just statistical methodologies (Schoenfeld, 1987). For this reason, the late
1970s marked resurgence in the use of verbal data gathered by retrospection or
introspection of the subjects through clinical interviews, and through speak aloud
problem-solving sessions.

Even with the return of verbal methods, though, many researchers becamé

concerned for the previous lack of consideration of important mental processes that may
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or may not have physical manifestations during problem solving, but which play a major
‘role in the success or failure of a problem solver (Lester, 1979; Schoenfeld, 1981, 1982a).
In 1979, Lesfer designed a procedure for studying the cognitive processes used during
problem solving. He believed that'existing verbal methodologies such as introspection or
retrospection by the problem solver held serious weaknesses, because many problem
solvers are themselves not aware of the thought processes which they use while
attempting-tosol{/e problems; and even if they E;re it may be difficult to achieve an
accurate ac‘count.'for those processes as it is often difficult to recf;lstruct or accurately
verbalize tilem. :Lester removed the weaknesses by devising problem-solving tasks that
forced the subject to manifest mental processes through the physical manipulation of
objects, thereby'énabling an observer to record the processes being used. The physical
moves made reflected several aspects of cognitive strategies including trial and error,
heteroggneous groupings, local classifications, partial global classifications, and global
classifications.

In 1981, as Schoenfeld investigated episodes and executive decisions in pfoblem
solving, he became aware that there were no substantive systems for protocol analysis
that focused on strategic decisions. Typical existing systems, at that time, used symbols
to represent observable, disjoint problem-solving behaviors, and problem-solving
sequences were recorded with a horizontal string of symbols that represented a collection
of events in chronological order. Schoenfeld developed a fr'amework for 'keeping track of

" not only the overt strategies, but also the critical executive decisions that were made

between stages of problem solving. He categorized two components, objective and

'
1]
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subjective, to the framework for analyzing protocols. The objective part consisted of
identifying the loci of potential managerial decisions, and the subjective part consisted of
characterizing the nature of the decision making process at those managerial decision
points, and descﬁbing the impact of those decisions on the problem-solving process.
This was accomplished by bartitioning a protocol into chunks of consistent behavior
called “episodes.” Schoenfeld defined the managerial decision points as places between
episodes where the direction or natufé of thé problem solution changes significantly, at
the arrival of new information or suggestion of new tactics, and at a point where a series
of tactical failures indicates that sltrategic .rg.aview might be appropriate. 'T'hus, by
partitioning the protocol into episodes (reading, analysis, planniflg, implementation,
exploration, verification, and transition), aﬂd asking questions about each episode once it
was labelea, the protocol could be characterized.

With the belief that tangible cognitive actions are a result of the interaction
between beliefs held ab.out a fask, the social environment within which the task takes
place, and the problem solvers’ perceptions abc;ut self, and his or her relation to the
environment and task, Schoenfeld (1982a) attempted to consider cognitive behaviors
within the broad social-cognitive and metacognitive matrix in which they reside. In order
to do this he analyzed student verbal behavior at three levels: (a) analysis of tactical
knowl‘edge of facts, procedures, domain-specific knowledge and local heuristics; (b)
analysis of control knowledge, strategic behavior and conscious metacognition
kﬂowledge; and (c) analysis of consciously and unconsciously held belief systems that

drive problem-.solving behavior. Schoenfeld contended that the researcher must have
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 insight into all three of these levels to prevent misinterpreting the analysis. He used, for
the purpose of illustration, a dialogue from Cole, Gay, Glick, and Sharp’s 1971 study of
cognition in a Liberian people called the Kpelle.

Experimenter: Flumo and Yakpalo always drink can juice (rum) together. Flumo
is drinking can juice. Is Yakpalo drinking can juice? :

Subject: Flumo and Yakpalo drink can juice together, but the time Flumo was
drinking the first one Yakpalo was not there on that day.

Experimenter: Butl told you that Flumo and Yakpalo always drink can juice
together One day Flumo was drinking can juice. Was Yakpalo drinking can
juice that day?

Subject. The day Flumo was drinking the can juice Yakpalo was not there on that
day.

Experimenter: What was the reason?

Subject. The reason is that Yakpalo went to his farm on that day and Flumo
remained in town that day. (pp. 187-188)

Schoenfeld made the point that had the experimenter declared the subject unintelligent
based upon his answers to the questions, without considering the social context, he would
have missed the point. The subject obviously ﬁel‘d different beliefs about the ground
rules of the exchange, which were essential to consider for accurate interpretation of the
data (Schoenfeld, 1982a).

In this stﬁdy Schoenfeld also discussed the “legitimacy” of verbal data,
considering the intrusiveness of various experimental methods. Although he cited a
study by Erricson and Simon (as cited in‘Schoenfeld, 1982a), which concluded that
sifnply instructing students to talk aloud while solving problems, and not to interpret or
explain, would not affect students’ performance, he acknowledged that there are other

concerns with the related methodology. First, it is generally acknowledged that asking
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subjects to analyze their problem-solving processes while they work has measurable
effects on performance. Secondly, Schoenfeld had witnessed, fhrough his own analysis
of singles and pairs in problem-solving sessions, that single-student protocols were not a
true reflection of their “typical” cognition, but rather ;1 pathological materialization of the
experimental setting itself. Students, feeling pressure under the circumstances of being
obseryed, responded by doing the first thing that came to mind (Schoenfeld, 1982a).
Another concern expressed by Schoenfeld in this study was in extending the results of
clinical studies to educational settings. Again, he emphasized the importance of
recbgnizing and considering the social context in which cognitions are embedded when
transferring data to the socially rich contexts of the classroom.

In conjunction with his previous study, Séhoenfeld (198205 developed a special
framework for analyzing two-person problem-solving protocols'. His interest was more in
analyzing the managerial decisions of college mathematics students, and not in their
application of heuristics. Although the prevailing assumption was that single-person
protocols created the purest cognitions, Schoenfeld selected groups of two tc; prevent the
pathology that occurred as he observed individuals problem soiving, and because certain
behaviors, such as decision-making, become more prominent and easier to observe with
mdre than one subject. He chose not to look at larger groups, because although they
provide greater and more interesting idea exchange, the larger the groups, the greater the
éocial dynamics. Other variables Schoenfeld considered when designing this
methodology were: the degree of intervention (experimen.’;er obtrusiveness); the nature

and degrees of freedom in instructions and intervention (the kinds of instructions subjects
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are given has an effect on their behavior); the nature of the environment and how
comfortable the subject feels in it; and task variables (are manipulatives provided?).
Schoenfeld emphasized the importance of keeping obtrusiveness and interventions to a
minimum in this type of study. He videotaped each of his pairs and provided only
instructions to work as a team to solve the problem. Each student was provided with only
a pencil, paper, and necessary tools for geometric constructions. Although the nature of
the environment was artificial, efforts were made to put subjects at ease. Nevertheless,
the stressi%ﬂness ;)f an unnatural setting may have affected students to some extent.

The analysis of the protocol took the form of Schoenfeld’s (1981) previous -
analysis framework. Protocols were first partitioned into episodes; the researcher then
examined trapsition points between episodes and new information points for executive or
strategic decisions. Schoenfeld found the new framework informative, straightforward
and reliable. Working with three students, their inter-coder reliability rate exceeded 85%.
However, he cautioned that it only offered one.perspective on the problem-solving

Aprocess.- ‘To get a comprehensive look, Schoenfeld suggested that it should be employed
with other methods such as paper-and-pencil tests, clinical interviews, and different
levels of analysis. |

In 1990 Artzt and Armour-Thomas developed another framework for the protocol
analysis of group problem solving by adapting Schoenfeld’s (1982c) analysis of two
person p.rotocols. The new framework differed from Schoenfeld’s By the explicit
delineation’ of the roles of metacognition and cognition within the mathematics heuristics

of problem solving. Whereas Schoenfeld did not differentiate between cognitive and
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metacognitive strategies at each of his episodes (reading, analysis, planning,
implementation, explor'at.ion, and verification), but rather looked for metacognitive
strategies at the transition stage and at new information poinfcs, Artzt and Armour-
Thomas assigned each of the episodic categories with a metacognitive or cognitive labél,
based on Garofalo and Lester’s (1985) distinctions of the two. The categories and their
labels were: read (cbgnitive), understand (metacognitive), analyze (metacognitive), plan
(metacognitive), explore (cognitive or metacognitive), verify (cognitive or
metacognitive), and watch-and-listen (undetermined éognitive level). Although it is
usually difficult to determine the level of cognition during watch and listen behaviors, the
researchers emphasized that the role of this behavior in the group problem-solving
process cannot be underestimated. The differences in the above frameworks do not
necessarily point to weaknesses in any of the methodologies. Instead it is a reminder, as
Schoenfeld (1982c) stated, that “each methodology is a lens (or filter, if you will) through
which intellectual performance is being Viewed. Thus the selection of any particular
methodology for investigation may well determine what the experimenter does or does

not see” (pp. 4-5).

Research on Collaborative Mathematical Problem Solving

The term “collaboration,” though widely used in education, is quite nebulous in
its meaning. Thrqugh subtle differences in individual definitions, it has come to
represent a broad variety of activities in which people work together. In the words of
Kaye (1992), “etymologically, to collaborate (co-labor) means to work together, which

implies a concept of shared goals, and an explicit intention to ‘add value’ — to create
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something new or different through the collaboration, as opposed to simply exchanging
information or passing on instructions” (p. 2). By this definition, “collaborative learning”
deals with instructional methods that seek to promote learning through collaborative
efforts among students working on a given learning task. However, Kaye (1992) also
asserts that learning is, inherently an individual process, rather than a shared process,
which is influenced by ;a _Variety of external factors, including group and inter-personal
interactions. Therefore, collaborative learning does not necessarily imply learning in a
group, but rather the possibility of being able to rely on other people to support one’s
own learning and to give feedback, as and when necessafy, within the context of a non-
competitive environment.

The term “cooperative learning” is frequently used interchangeably with the term
collaborative learning, although in actuality there are subtle distinctions in their
definitions, and significant debate about those differences (Higgins, 1991; Panitz, 1996).
Higgins (1991) addressed this matter througﬁ hi§ reference to literature by Damon and
Phelps (as cited in Higgins, 1991) that distinguished the two types of peer education and
others based on levels of “mutuality (i.e., mutual responsibility for and contribution to the
tasks) ahd equality (i.e., equal in status, skills and knowledge) among group members”
(p. 6). Cooperative learning, as described by Damon and Phelps, is high on equality, but
varied in mutuality, implying equal individual responsibility and coﬁtribution, but
subdivided tasks that require participants to work individually. On the other hand,
collaborative learning is described as high on both equality and mutuality, implying equal

skill and joint work on the task. For the purpose of this study, then, these characteristics
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which define collaboratiye learning, and which separate it from some definitions of
cooperative learning and other types of peer education are used: that all participants are
equally unskilled in the task at hand, and that they work jointly on the same problem at
all times. This means that there is no deliberate expert/novice relationship between
members of the group, and that the task is not intended for subdivision into subtasks
completed by different group members. Nevertheless, while the proposed study focuses
on .collaborative learning, it will also include select pieces of literature that include the
te1;m cooperative learning, yet that are still consistent with strategies considered
ééllaborative by this researcher. |

éollaborative learning is not a new practice. A variety of collaborative
approaches have been used in classrooms since the early 1900s (Johnson & Johnson,
1993). In addition, insight into the importance of social interaction on cognitive growth
can be traced Back to the work of influential educational philosophers and theorists such
as Dewey, Piaget, and Vygotsky. ‘Kumar (1996) summarized the philosophies of ‘ghe
three in the following way: Dewey characterized education as a social process by which
groups transmit and renew the meanings of shared experiences. Piaget viewed children’s
interactions with their peers as a crucial source of cognitive stimulation and development,
especially of logical reasoning. Similarly, for Vygotsky social interaction was considered
at the core of the developmental process and learning. Dillenbourg and Schneider (1995)
identified three (iifferent theories of learning underlying collaborative learning systems:.
(a) socio-constructivist theory, (b) socio-cultural theory, and (c) shared cognition theory.

All of these approaches are classified as cognitive developmental approaches, which
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focus on interactions among peers around.appropriate tasks in a given environment, and
that increase the mastery of critical concepts (Kumar, 1996). Learning, within these
theories, is considered something a learner does, not something that is dpne to the learner.
It occurs through active participation by the student versus passive acceptance of
information presented by an expert. Socio-constructivist theory, an extension of Piaget’s
theory, asserts that all knowledge is constructed, discovered and transformed by students
(Panitz, 1996), as they'interact with others. Within this theory, the emphasis is placed on
interactions rather than.actioﬁs.themselves. Socio-cultural theory focuses on the causal
relationship between sc;cial.i:nteraction and the individual’s cognitive development
(Kurhar, 1996). This approach originated from Vygotsky’s Zone of Proximal
Development, a theory that aéserts that each internal cognitive change can be traced to a
causal effect of a social interaction. Within the socio-cultural theory it is through

. collaborative efforts that individuals internalize knowledge and techniques that will be -
used in future attempts to solve problems independently (Kumar, 1996).

Shared cognition theory is different from the other two theories in the sense that
the environment in which learning takes place is given the focus rather than the
environment-independent cognitive processés. While the previous two theories attributed
the learning only to the physical presence of collaborators, the shared cognition approach
focuses on the social content that is claimed to make the collaborations happen. Shared
cognition views collaboration as a process of building and maintaining a shared |
conception of a problem, and is aimed at letting peers learn knowledge and skills in

contexts where they are“applicable (Kumar, 1996).




29

Collaborative learning proponents argue that group activity is superior to solo
activity, allowing students opportunities to learn about “group process, personal strategies
in contrast to those of others, multiple perspectives on the same topic, content falling out
of complex projects, leadership, management of group tasks and communicatibn”
(Guzdial et al., 1997, p. 12). In fact, much research has confirmed the value of
collaborati;/e approaches (Gokhale, 1995; Johnson & Johnson, 1993). In a meta—analysisl
of 120 existing studies comparing cooperative, cdfnpetitive, and individualistic learning
on individual achievement of college students, Johnson and Johnson (1993) concluded
that cooperative learning promoted higher individual ac::hievement than did competitive
(effect size = 0.54) or individualistic (effect size = 0.51) learning. These results held for
verbal tasks such as reading, writing, and orally presenting, mathematical tasks, and
procedural tasks. The rﬁeta—analysis of research on achievement also found cooperation
1o promote greater intrinsic motivation to learn, more frequent use of cognitive processes
such as reconceptualization, higher-level reasoning; metacognition, cognitive elaboration,
and networking, and greater long-term maintenance of skills léarned (Johnson &

Johnson, 1993). In addition to achievement, the studies included in the meta-analysis
also found other important outcomes such as student retention, creating a learning

© community, aﬁd building positive relationships among diverse students. Within the

studies (n=38) that in'cluded interpersonal attraction (including esprit-de-corps,

cohesiveness, trust, and other relationship variables) as a dependent variable, cooperative

efforts promoted greater liking among subjects than did competing with others (effect

size = 0.68) or working individually (effect size = 0.‘55). Furthermore, in the studies that




30

focused on social support (n = 24), students learning coopera‘tivély felt more social
support (both academically and personallyj from peers and professors than did studénts
working competitively (effect size = 0.60) or individualistically (effect size = 0.51).
When students worked cooperatively, positive and supportive relationships tended to
develop, even among students from different ethnic, cultural, language, social class,
ability and gender groups (Johnson & Johnson, 1993). Finally, studies on psychological
health issues, such as self-esteem (n = 13), found that cooperation promotes'highef self-
esteem than did competitive (effect size = 0.47) or individualistic (effect size = O.é9)
efforts. |

A more recént study by Gokhale (1995) confirmed the benefits of ¢ollaborative
techniques for enhancing critical thinkfng and problem-solving skills. The study ‘.
analyzed the effectiveness of collaborative leamiﬁg on learning outc‘omes at the college
level for students in technology. Specifically, Gokhale compared the effectiveness of
individual learning and collaborative learning for enhancing the drill-and-practice skills
and critical-thinking skills of forty-eight students studying series and parallel dc circuits
in a basic electronics course. Each group (the individual learners and collaborative
learners) attended a common lecture and received a common worksheet consisting of
drill-and-practice items and critical-thinking items. However, the individual learners
worked in isolation, while the collaborative learners worked in groups of four students.
A t-test was conducted on pretest scores to determine the equity of the two groups, and

results concluded pretest differences among treatment groups were not significant
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(t=1.62, p > 0.05). Post.test scores were analyzed to determine the effects using a t-test.
In addition, an analysis of covariance procedure was used to reduce the error variance by
an amount proportional to the correlation between the pre- and posttests. The correlation
between the pretest and ‘the posttest was significant (r = 0.21, p < 0.05). In this approach,
the pretest was used as a single covariate in a simple ANCOVA analysis. The t-test did
not show a significant difference in drill-and-practice skills between the two groups
(t=1.73, p > 0.05). An analysis of covariance procedure yielded a F-value that was not
statistically significant (F = 1.91, p > 0.05). However, a t-test showed a significant
difference, at the 0.001 alpha lgvel, in critical thinking skills between the two groups,
with participants in the cpllaborative group performing better than those that studied
individually (t =3.53, p <0.001). An analysis of covariance yielded a F-value that'was
significant at the same alpha level (F=3.69, p <0:001). | |

Too often, however, collaborative learning advocates erroneously assume that
learning is automatically a by-product of group projects. Inreality, students who
enthusiastically engage in collaborative activities often fail to pay attention to important
learning lessons that are embedded in that activity. In other words, experience aI;ne does
not ensure learning. Researchers have explored the mechanisms that account for
k:nowledée acquisition through collaboration. The evidence points to eight such
mechanisms that lead to the successful acquisition of knowledge: (a) conflict or
disagreement, (b) the alternative proposal, (c) self-explanation, (d) internalization, (e)
appropriation, (f) shared cognitive load, (g) mutual regulation, and (h) social grounding.

- (Dillenbourg & Schneider, 1995).
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Within the socio-constructivist theory, conflict or disagreement within a
collaborative environment promotes learning, as group members must confront their
differences to find a common solution. The disagreements need not be large; a simple
disagreement.or slight misunderstanding is sufficient for learning. 'However, the conflicts
must be discﬁssed. Indeed, it is the verbal interactions generated to solve the conflict that
are related to positive learning outcomes (Dillenbourg & Schneider, .1995).

The second mechanism is similar to the first. It is related to what psychologists
refer to as “confirmation bias,” a term that describes the tendency of subjects to only
design experiments to confirm their hypotheses, or to disregard any empirical findings |
that contradict their hypotheses (Dillenbourg & Schneider, 1995). Within a collaborative
setting confirmation bias is reduced through the conflict mechanism, which forces group
members to consider, and quite possibly adopt alternative hypotheses.

As with the others, the self-explanation mechanism is a natural and spontaneous
benefit of collaborative learning. This mechanism can be described as the means from
which both persons involved in giving and receiving an explanation gain benefits. It is
well documented that, through the interactive process in which two partners try to
understand one another, not only does the explainee benefit from the explanation, but
also that the explainer often receives even higher benefits (Dillenbourg & Schneider,
1995). This can be explained by the fact that through explanation students are requifed to
reorganize or clarify tﬁe material in new ways (Webb, 1991), proceduralize their
declarative knowledge of a concept, and make explicit some implicit Eproblem-solving

steps, thereby reinforcing their knowledge and becoming more efficient in solving similar
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problems. Additionally, the process of developing explanatfons aids the explainer in
recognizing gapg in understanding (Webb, 1991). Webb (1991), however, observed that
the cognitive benefits are restricted to elaborated explanations, and that less sophisticated
messages from the explainer do not produce effe(.:ts. This confirms that the effect of
explanation is related to the cognitive activity of building the explanation.

It has also been determined that those on the receiving end of explanations benefit
as well (Webb, 1991), though the benefits are complicated depending on several
conditions: (a) whether the student receiving explanation needs help, (b) the relevance of
the explanation to the need for help, (c) the ti.meliness of the explanation, (d) whether the
explanation is understood, (¢) whether the target student has an opportunity to use the
explanation to solve the problem, and (f) whether the target student uses the opportunity.

Vygotsky (as cited in Kumar, 1996) labeled;the' mechanisms of learning that
occur through participation in conversations ‘internalization’. The concepts conveyed by
the interactions with more able peers are progressively integrated into a listener’s existing
knowledge structures, provided that the concepts are within the listener’s zone of
proximal development, and that the listener is not passive, but actively participates in ’.che
problem-solving effort. Itis the internalization of the new concepts and strategies that
provides the listener with new knowledge and tools for use in his own reasoning,

Similar to internalization, appropriation focuses on how one learns from watching
and working with a more skilled paftner. This mechanism is central to the appren_ticesﬁip ‘
method. Dillenbourg and Schneider (1995) provided the following example, which

makes clear the process of appropriation:
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Let us consider two agents A and B such that B is more skilled on the task

to be performed. When one agent A has performed some action, his or her

partner B attempts to integrate A’s action into his own plan, i.e. to

appropriate A’s action. Learning occurs when A reinterprets his actions

with respect to how B appropriated it. Agent A learns progressively how

to assemble the elementary piece of action that he is able to perform into a

coherent problem strategy. (p. 7)

'The shared cognitive load mechanism can be explained as the sharing of cognitive
responsibilities implied by a task during collaboration. This does not imply a systematic
division of labor or tasks, but a mutual, synchronous and interactive attempt to reach a
joint solution. This spontaneous division of the cognitive responsibilities enables each
partner to devote more resources to the task allocated to him or her and prevents
redundancies in the group process.

During collaborative problem solving, group members must also justify their
actions to one another. These explanations make explicit the strategies and knowledge
that would otherwise remain implicit. Additionally, it is through these discussions that
partners mutually regulate the activities of the others in the group. This mutual
regulation mechanism is often the catalyst for other mechanisms such as conflict,
explanation, internalization and appropriation (Dillenbourg & Schneider, 1995), and it is
these mechanisms that encourage improved individual regulation skills in partners after
collaborative problem solving (Schoenfeld, 1987).

The last mechanism, social grounding, refers to an individual’s attempt to
maintain the belief that his partner has understood what he meant, at least to an extent

that is sufficient to carry out the task at hand (Dillenbourg & Schneider, 1995). By

means of this mechanism the speaker monitors the listener’s understanding, through




35

verbal and non-verbal clues, and in case of misunderstanding, attempts to repair
communication. Repairs involve disambiguating dialogues, pointing to shared reminders
and to visible objects, drawing a schema, and so forth. Through this mechanism, both -
partners progressively build a shared understanding of the problem.

Based on prior research, Dillenbourg and Schneider (1995) also identified
conditions for effective collaborative learning. They are grouped into three categories:
(a) group compbsition, (b) task features, and (c) and communication media. Regarding
the comp_ositioﬁ of the group, Dillenbourg & Schneider (1995) conclude that small
groups se-em fo:.ﬁmction better than large groups, because of the tendency for some
members to exclude themselves or to be excluded from iriteractions, and because mosf of
the mechanism-s described in the previous paragraphs (e.g. mutual regulation, social
grounding, etc.) can only occur between a few participants. In addition, research points
to an optimal level of ileterogeneity in terms of variables such as age, intelligence,
performance, and academié achievement, since some difference in viewpoints is required
to trigger interacﬁons and conflicts, but within the boundaries of mutual interest and
intelligibility (Dillenbourg & Schneider, 1995).

The effects of collaboration also vary according to task. Some tasks promote the
activation of the mechanisms described above, while other tasks diminish them. For
example, some tasks are naturally distributed and lead group members to work
independently. Interaction occurs when assembling partial results, but not during each
individual’s reasoning process. Without interaction, none of the described mechanisms

can be activated. Some tasks are so straightforward that they do not leave any .
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opportunity for disagreement or misunderstanding. Some tasks do not involve any
planning and hence create no need for mutual regulation. Thus, optimal tasks must
include features such as adequate difficulty that require group members to interact on a
continual basis, reason together, regulate the thinking of other grbup members, and work
towards a mutual solution.

Finally, the medium used for communication plays a role in quality of
colléboration as well. However, this mattér will be discussed later in the context of

introducing alternate forms of communication such as computer-mediated

communication.

- Collaborative Learning in Mathematics. The findings on the use of collaborative
learning in mathematics have also been largely positive (Sfacey & Gooding, 1993,
Owens, Perry, Conroy, Geoghegan, & Howe, 1998). Owens and her colleagues (1998)
investigated the effects of an interactive approach for learning mathematics that used
principles of cooperative learning and problem-solving activities. The intent of the
researchers was to examine how students’ responsiveness and interactions in the
classroom influenced and, in turn, were influenced by affective states. Among the
questions considered were whether there was an improvement in the students’ knowledge
as aresult of participation, and how the learning approach influenced students’ thinking
and affects. Results from a two-tailed t-test conducted to compare pretest aﬁd posttest
scores on a worksheet consisting of problems similar to those covered in class showed a
significant difference in mean scores (t = 11..8, p <.0001), with a mean gain of 47 out of

100 points. The authors contend that the increased gain in scores suggests that students
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improved in their approaches to solving problems presented in the subject. Case studies
were used to determine how the learning approach influenced students’ thinking and
affects. Data for the case studies came from student journals, records of observations
taken from the video-recorded sessions, and comments made by students during classes,
informally to researchers, and during formal interviews conducted at the end of the
semester. From analysis of video relcordings and student journals Owens and colleagues
identified critical change points where dévelopment in the studénts’ mathematical schema
occurred or where specific challenges met in the problem-solving process were
overcome. The analysis indicated that critical changes were associated with (a) personal
characteristics such as hu;nor; (b) empathy within the group, (c) sepération of the
wording of the problem from the mathematics, (d) recognition of thé group of é useful
strategy, (€) realization that they ha\-/e useful knowledge already, and (f) collaborative
validation of their ideas. The collaborative nature of the activity clearly promoted quality
communication about mathen;atics, a safe environment for risk taking during early
anxieties and fluctuating feelings, the abﬂity to face problems with success, humor and
confidence, the desire to solve problems, changes in beliefs abbut mathematics and one’s
own m;clthematical abiiity; increased confidence, changes in responsiveness,
metacognition and the applipation of useful heuristics, and. collaborative validation.
Stacey and Gooding (1993) investigated the patterns of oral communication
associated with successful learning in small groups. The learning task was an activity
designed to correct misconceptions about division and the ways to write about it. The

criterion for successful learning was improvement on a written test given before and after
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the activity. The task focused not on teaching new information or skills, but on
eliminating or reducing misconceptions. Questions Stacey and Gooding (1993)
attempted to answer in their study included: Do all children learn in groups? Isit
po;sible to identify characteristics of effective and ineffective groups as well as to
distinguish between individuals who will improve and those who will not? What are the
nature and content of the children’s talk and how do they relate to \.Nhat, the children
learn? How do the children interact when they teach each other? How do they help each
other learn mathematics? The prdcedure involved videotaping groups of four children
while they worked on the assigned task. Two coding schemes were used to analyze the
discourse. A pretest was administered one week before the activity and a posttest was
administered three weeks after it. Coded discourse was then related to the results of the
tests. The coding scheme was developed by modifying a schefne developed by Sharan
and Shachar (as cited in Stacey & Gooding, 1993), that was derived empirically from the
data, and that described how students used language in interaction rather than what they
said about the subject. Turns talking were coded as focused interactions (e.g. a request
for clarification, agreement, or disagreerhent) and cognitive strategies, (e.g., explanation
with evidence, unstructu;red idea or thinking out loud, concrete examples). Stacey and
Gooding modified the coding by combining and selecting the relevant categories of
focused interactions aﬁd cognitive strategies according to statements made during |
discussion of the mathematics task. The categories included: (a) asking questions (of a
previous speaker, from own thinking or working, reading a word problem), (b)

responding (to a request for clarification, agreeing, disagreeing, repeating); (c) directing;
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(e) explaining with evidence; (f) thinking aloud; (g) proposing ideas; (h) commenting
(affective); and (i) refocus_ing discussion. The unit of analysis for this coding procedure
was an utterance of any length and grammatical form that was produced by one speaker
without interruption. A second scheme was also used to analyze the discourse to capture
the content and content difficulties of the task. In this situation, short continuous
episodes of speech, about one decision, was the unit of analysis.

Five of seven groups of students were designated effective because their members
increased their scores. The other two groups were designated ineffective. The learning
outcomes for individuals.were mixed. Each effective group had at least two improvers.
Every group had at least one non-improver. One int;ffective group had completed the
task coﬁectly, and one, incorrectly. The researchers noted that it was interesting that the
only group in which no one made gains contained the only member ollf the class who was-
‘able to complete a relevant procedpre from the beginning. He did not explain his results
to the others in his group, and they worked with the least discussion. |

The two ineffective groups had students taking the fewest number of turns
talking, 174 turns and 297 turns, respectively. In contrast, the number of turns talking in
effective groups ranged from 362 to 820 turns. Among the effective groups, there was no
correlation found betwee‘p the number of turns talking and the amount of improvement.
The mean percentage of turns talking in each category were given both for individuals
and for the groups. The children in the ineffective groups interacted less than did those in
the effective groups. The lower level of interactibn for ineffective groups was reflected

in the small overall amount of talk, the greater percentage of talk in the thinking aloud
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categofy, and the generally lower percentages in the categories such as responding, that
indicated iptellectual interaction. Similar observations held when the comparison was
between individuals (improvers and non-improvers), although a little less strongly than
for the groups. Meﬁbers from the effective groups wére also found to give more
explan‘ations with evidence and repeated one another’s statements mére frequently.

Almost no explicit mathematical discussion took place in the ineffective groups.
Comparatively the ineffective group made only ﬁve calculations of any sort, while the
effective groups made at least twenty-seven calculations. The number of instances of talk
in each category for the two ineffective groups was, with only one exception, always less
than the corresponding number c;f instances for each of the effective groups. The
probability that the low results of the ineffectiv'e groups would have been obtained if
there were no real difference between the groups was calculated by the Mann-Whitney
test to be less than 5% (n1 =5,n2 =2, U= 10, p <.05). Atthe indiYidual, rather than the
group level, the results were similar. In that case the researchers uéed a t-test on means
rather than the Mann-Whitney test on medians.

This study confirmed the broad patterns of interaction than been associated with
higher achievement in groups in previous studies. Members of effective groups
interacted more. Generally they helped one another more by responding and explaining
to a greater extent during the task. Improvers engaged in the activity by explicitly
working out the division problems in the task. They used more specific mathematical
talk than non-improvers for every category. The coding of mathematical content and the

coding of interaction patterns provided evidence that giving help to others at a high level
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of elaboration is related to achievement. In summary effective groups — talked mofe with
more mathematical content, explicitly discussed the central idea, worked together by
reading the questions on the cards out loud and repeating one another’s statements;
proposed ideas, gave explanations with evidence, and refocused discussion more often;

and responded to the questions of others more.

Collaborative Mathematical Problem Solving. Collaborative learning strategies
have been found to be particularly effective when used for mathematical prdblem solving
(Dees, 1991; Forman, 1989; Goos & Galbraith, 1996; Hart, 1993). There is evidence that
collaborative problem-solving efforts are often more effective tilan individual efforts for
enhancing problem-solving performance and abilities (Hart, 1993). Hart (1993)
suggested three characteristics of collaborative learning that serve to enhance
mathematical problem-solving performance: (a) the collective experience of a group
often supplies information that individuals in that group do not possess; (b) peers
function as external monitors when self-monitoring is absent; and (c) the group setting
encourages time for reflection, an important component of problem solving that is often
neglected in individual problem solving. Lambdin (1993) focused on the external
monitoring that occurs in a collaborative environment. Her study analyzed, described,
and categorized the monitoring mov'es and roles of three pair:;: of college-aged women as
each pair worked together during a series of problem-solving sessions. Utilizing an
episodic parsing scheme developed by Schoenfeld in 1985 (as cited in Lambdin, 1993)
and the cognitive-metacognitive framework developed by Garofalo and Lester (1985),

Lambdin divided the problem-solving protocols for each pair into episodes and identified
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the occurrence of monitoring events. The analysis revealed monitoring moves and roles
that were clearly different from those that were present with individual efforts, and the
successful accomplishment of problems that could not be solved individually. In
particular, Lambdin found that the most successful pair informally adopted
| cc_)mplementafy monitoring roles thereby simplifying the conceptual demands of the task
and promoting increased regulation of actions.
In another study, Curcio & Artzt (1998) used the Artzt and Amour-Thomas

( i992) framework to examine the effects of small group communication on graph data-
interpretation by fifth graders. In this task, small groups of étudents were given a broken
line graph depicting the average time of sunset from June to December. They were asked
to draw a picture of what the graph would look like if it were to continue from January
through May. The researchers coded student problem-solving behaviors and statements
" in one-minute intervals. The analysis consisted of a chart of coded behaviors and
statements, detailed excerpts and from the problem-solving protocol, and commentary
about the problem-solving process of the small group. Curcio & Artzt discussed the
behaviors of one group that successfully completed the task, and confirmed the findings
of Artzt & Amour-Thomas that revealed the significance of the interplay of cognitiv.e,
metacognitive, and watch and listen behaviors. Of 80 behaviors coded during a 7-minute
interval, 47.5% were metacognitive, which indicates a substantial amount of control and
regulation on the part of the group members in helping to guide and direct the task to a
successful completion (Curcio & Artzt, 1998). Thirty-three percent of the béhaviorg

coded were watch and listen behaviors, which led the researchers to conclude that a high
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degree of communication is necessary for effective small group functioning. The
analysis of the interaction also revealed how students’ metacognitive behaviors facilitated
thc;, building of ideas. Cognitive behaviors accounted for 20% of the total coded
behaviors, the smallest amount of coded behav-iors. The researcher stated that this -
implies that the group worked efficiently, listening to, monitoring, and evaluating th(le
different ideas presented for accomplishing the task without working mindlessly and
going off on iﬂdividﬁal tangents. The results of the analysis also illustrated the recursive
nature of problem-solving processes that lead to success. The members of the group
began by reading the airections and attempting to understand the task at hand. Next some
exploration and analysis led to a plan that was implemented. The plan was then revised
as the students continued to. implement the revision. Finally, the group went on to verify
a solution. The results of this study confirmed the effectiveness of the small group
setting for communicating about mathematics and solving problems. It also confirmed
that the nature of the communication and behaviors that occur within this setting mirrors
the monitoring and regulating strategies that experts reveal during problem solving.

It also appears that through céllal)'oraﬁon students learn the strategies essential to
effective problem solving (Artzt & Amour-Thomas, 1992) and are able to transfer these
strategies to individual problem-solving efforts.(Forman, 1989). In 1989 Forman
observed a pair of students working collaboratively to solve a matﬁématica'l problem. The
observations illustrated how two subjects pf comparable intellectual ability but with
somewhat different stances toward a problem-solving task can help each other

incorporate new reasoning and strategies into their repertoire.
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On a larger scale, Dees (1991) conducted a study with 77 students in a college
remedial matherl;atics course to determine whether cooperative learning would help
students increase their pfoblem-solving skills in mathematics. All students in the course
were encouraged to work together and help each other on all tasks except for tests and
exams. However, the students in the control group were not orgamzed with respect to
cooperation while the students in the treatment group were orgamzed in such a way to
require cooperation, as well as giveﬁ continual énd active encouragement to work
together. Tests of means on all seven pretest variables revealed no significant differences
among the four laboratory sections or between the two groups of students. Instruments
for evaluation of achievement included multiple-choice skills tests and open-ended tests
constructed by the teacher. Students using cooperativé learning performed as well as or
better than students iﬁ the control group on every measure. Outcome variables showed
significant differences in‘favor of cooperative learning were solving word problems in
algebra (t=2.29, p <.05) and proof writing in geometry (t =2.92, p <.01), thus
confirming the theory that cooperative methods are significantly better than independent
methods for tasks involving complex thinking and requiring higher cognitive skills.

While the aforementioned studies illustrate the benefits of collaboration for
mathematical problem solving, the use of this educational practice is not without
limitations. Individual actions as well as the internal dynamics of small groups are
critical factors in the success or failure of the collaborative process. In 1996 Arizt and
Amour-Thomas developed an aséessment system based on their earlier work (Artzt &

Amour-Thomas, 1992). The system was designed to examine, in part, the interplay of
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cognitive processes observed in the problem—sblving behaviors of individual students
working in small groups. Their new assessment instrument, which attempted to clarify
the distinction between cognitive and metacognitive processes, included the following
categories of behaviors: talking about the problem, doing the problem, watching and
listening, and off-task. The framework \'rvas further divided with talking about the
problem including the following metacognitive processes: understaﬁding, anélyzing,
exploring, planning, implementing, and verifying; and doing the problem includiﬁg the
following cognitive processes: reading, exploring, implementing, and verifying."Using
videotaped protocols and stimulated-recall interviews the researchers coded the l:)ehaviors
of six groups of students throughout the probleﬁ solving process and categorized the
interactions of each small group on a continuum ranging from students who work
independently with little communication to studénts who continually interact with one
another in the solution of the problem. They found four broad categories summarizing
thé behaviors of the six groups: cooperative workers, independent workers, one-person
' éhow, and combination. The data reve‘aled the importance of the interplay of talking
about the problem, doing the problem and watching and listening for effective problem
solving and group functioning. Indeed, the only group that failed to solve the problem
exhibited behaviors of “independent workers™ throughout most of the problem-solving
procéss with a low percentage of talking about the problem and watching and listening
behaviors.

In another study, Chiu (1997) analyzed the individual actions of students involved

in small group mathematical problem-solving exercises to determine how these actions
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facilitated or hindered the collaborative process. Chiu’s framework for analysis included
three dimensions: (a) evaluation of the previous action (supportive, critical, or
unregponsive); (b) problem knowled;ge content (contribution, repetition, and null); and (c)
interactive form (command, question, and statement). Through the analysis and coding
of problem-solving protocols Chiu found that, as well as yielding rich benefits during
collaborative learning, differences among students could pose difficult problems. While
students can draw upon their diverse experiences and abilities to construct new
knowledge and solutions, they also face the potential pitfalls of entrenching themselves iﬁ
opposition to different views, dismissing other perspectives as less important or invalid,
and misinterpreting other people. Similar findings were established by Wilczenski,
Brontrager, Ventrone, and Correia (1999) who found that groups that exhibited behaviors
such as not paying attention, distracting, interrupting, monopolizing, makir-lg personal
attacks, not contributing, and making incorrect assumptions resulted in problem-solving
accuracy and individual problem-solving achievement no higher than that observed with

controls who did not have the opportunity for group collaboration.

Research on Comvuter'-Mediated Communication

As the term alludes ‘to, computer-mediated communication refers to human '
communication via computer. In this mode of communication, computers may serve as
“central repositories” (Higgins, 1991, p. 1) for mes'sages,' or they may pfovide a network
of links over which meésages are tra;nsferred. Within this medium, there are various
manners in which to communicate. Although computeré and communications technology

continue to grow in sophistication and capability, most current applications still focus on
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text-based communicatién. Hence much of the research lies in this area.

There are numerous forms of text-based computer-mediated communication. In
his 1991 study, Higginé described four of the most prevalent forms: computer
conferencing, electronic bulletin board systems, email, and chat. Primary among the
asynchronous types is computer conferencing. Computer conferencing as defined by
Higgins (1991) are those systems “that reside on large central computers to which
numerous users can connect directly via in-house terminals or indirectly via home
computers, modems and telephone lines” (p. 5). Within these systems, messages are
created aﬁd saved to files that allow multi-user access, thereby enabling groups of people
to establish conferences in which they send messages they wish to share with one
another. In this manner, the conference resembles an ongoing discussion or meeting that
does not necessitafe physical proximity, or synchronized participation. Rather, all
members can link into the discussion at their own.convenience, when they log on.

Electronic bulletin board systems (EBBSs, or BBSs) are another form of
computer-mediated communication that facilitates group discussions. At their

conception, BBSs were intended to serve as conventional community bulletin boards

“where public messages could be posted and read. In the early 1980s, computer user

groups began establishing BBSs fqr the primary purpose of online distribution of
software and related information, but the messaging feature rapidly grew in popularity as
members found that posted messages received responses and resulted in interactive
discussions. This capability for group discussions led to broadening interest and use in

BBSs within the general public, and the influx of home computers, and the availability of
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inexpensive communications software soon transformed BBSs from a medium geared
just toward computer enthusiasts to forums for educati;)nal activities, special interest
groups, and academic discussions (Higéins,‘1991).

Electronic mail (EMAIL) is the most widely used form of text-based computer-
médiated communication. It is asynchronous in nature, however unlike computer--
conferencing and BBSs, messages are not group-accessible with EMAIL. Instead,
messages are sent to individﬁals in the same way that conventional mail is sent to
individual addresses. Still, there is ability to deliver bulk mailings by individuals or by
automated message handling software. An exampvle of this capability is the
LISTSERVER. The primar}'f function of the LISTSERVER is to receive messages from
individuals and then distribute them according to mailing lists. Members of these mailing
lists can then carry on asynchronous hdiscussions much the same way as users of computer
conferencing systems and BBSs do (Higgins, 1991).

The CHAT mode of interaction is an example of text-based computer-mediated
communicatioﬁ that allows synchronous or real-time communication between two or
more participants. The various forms of this type of synchronous computer-mediated
communication differ primarily in the way dialogue is presented on the screen, and in the
number of users who can participate simultaneously in a group activity. The user
interface for synchronous text-based interaction often involves some partitioning of the
terminal screen. While more advanced systems can allow for multiple windows of
vgriable size and location to appear on the screen with any or all of them being used to

receive or send messages, the most common design for two simultaneous users involves
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splitting the.screen horizontally, where one half is used for receiving messages, and the
other half is used for composing and sending messages. For multiple simultaneous users
contributing to the same discussion there is most often a smaller window for composing
and sending messages and a larger window for receiving messages. The exchange of
dialogue in this mode is bést described by Higgins (199 1) as “character by character, line
by line, or in multiple-line blocks” (p. 6). In the charadter-by-characte; mode, recipients
see each character as it is typed, while in line-by-line and multi-line blocks modes, the
messages are not seen until the sender composes one or more lines and presses the send
key. In all cases, however, the transaction occurs immediately, thereby enabling a real
time exchange. While messages are not retained in a mail system or conferencing space
for future retrieval, transcripts of the interaction are logged and can be collected for

future use.

Advantages and Disadvantages of Computer-Mediated Communication. As a

vehicle for group communication, computef—mediated communication possesses unique
features that‘ make it qualitatively different from either spoken or written communication,
and, as a result; introduces various opportunities and problems (McDonald, 1998).
Cbmputer—mediated interactions can vary from rapid-fire exchanges of short messages
typeci online on the spur of the moment, to carefully edited and relatively lengthy texts
| prepared off-line over a period of several days before being uploaded into the system
(Kaye, 1992). Asynchronous forms o’f text-based computer-mediated communication

such as computer conferencing and email provide a quick, convenient means of

worldwide communication, without the constraints of time and location necessary for
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face-to-face communication, thereby enabling important learning activities, such as peer

discussions and collaborative activities, amongst participants in multiple remote locations

at different times. Other advantages of asynchronous text-based computer-mediated

communication are:

. 1.

It facilitates the thoughtful exchange of ideas i)y creating the ability to reflect
on previous messages and compose articulate and thoughF provoking
reéponses.

Discussions are continuous and there is no loss of relationship between group
fﬁembers in the periods between meetings (McConnell, 1994).

Activities need not be discrete; members can take part in discussions about .
mﬁltiple issﬁes at the same time (McConnell, 1994). ..

It promotes the development of written skills.

The limitation to written communication encourages a clearer, more explicit,
and more orgénized articulation of ideas than spoken communication
(McComb, 1993).

Messages can be retained for continued referenceA and reﬂectior;.

Files can be attached to messages easing the communication of technical‘
information.

It has a democratic and equ;'cllizing tendency and it facilitates interaction
among people with different abilities, genders, etc.

As eqﬁality between people increases, more people are allowed to have their

say; there is less risk of one single person dominating (McComb, 1993).
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Turoff (1989) and Kaye (1992) focused primarily on the benefits of computer
conferencing because of its properties particularly suited for support of collaborative
activities. Turoff (1989) contended that the primary benefits were not related to the
freedom of time and place made possible by the asynchronous mode of communication
but rather because “the poteﬁtial for real improvement in the group process lies in thg fact
that individuals can deal with the part of the problem they can contribute to at a given
time, regardless of where other individuals are in the process” (p. 11). Kaye (1992)
included as advantages of computer coﬂferencing, the ability to provide shared working
and learning spaces and to create l;oth formal and informal environments. He also
commented on the positive; aspects of the cumulative record of message contﬁbutions ina
conference, and the tools provided by the conferencing system for retrieving and
' organizing messages. In face-to-face environment, contributions and ideas may be
fleeting. Subsequent review is dependent on partial recollections or selective note taking.
Furthermore discussions must often be halted and resumed at a later date, prohibiting
continuous group analysis and reflection. In this way, computer-mediated
communication is superior in that it provides a greater potential for reflective and
thoughtful analysis and review of earlier contributions, and hence for mutual elaboration
and development than with face-to-face communication.

Although synchronous forms of text-based computer-mediated communication
such as CHAT are subject to time constraints, they still provide a convenient means of
comumunication without the limitétions of location necessary for face-to-face

communication. Additionally, because of the sense of “real communication” within a
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synchronous cor%lputer-mediated communication envirénment, benefits of this mode
include the pressure to react and respond, and the ability to receive direct and immediate
feedback.

On the other hand, computer-mediated communication can create serious
obstacles to effective collaboration. Kaye (1992) lists among the disadvantages, the lack
of control over turn-taking, the difficulties providing contextual cues for framing
different discussion génres, and the frequent development of multiple threads. of
discussion with the same message space. Additionally, text-based computer—mediated
communication excludes the use of non-verbal gestures and t;acial' cues that are useful for

monitoring a partner’s understanding, and eye contact, which appears to be related to

metacognitive aspects (Dillenbourg & Schneider, 1995).

Research on Computer-Mediated Collaborative Learning

Educational Computer-Mediated Communication. The rapidly growing use of

computer-mediated communication in education continues to increase the need for
developing evaluation methodologies to assess the value of this medium. Many of the
standard evaluation techniques have been applied to computer-mediated communication
— surveys, questionnaires, interviews, empirical experimentation, paﬁicipant observation,
and case study methodology. Research using these téchniques indicatgs that the nature of
instructional interaction among students involved in electronic networking is different
than that exhibited by sfudents engaged in typical classroom instruction (Levin, Kim, &

Riel, 1990; Riel, 1990; Waugh, Miyake, Levin, & Cohen, 1988).
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Waugh, Miyake, Levin, and Cohen (1988) found the nature of students’ problem-
solving efforts in the online medium quite different than typical classroom-based |
problem-solving efforts of students. The study analyzed the problem-solving activity of
students in remote places involved in an Inter Cultural Learning Network in 1985 and
1986. The authors used four analytical techniques to examine the message interactions of
students working on the Water Problem-Solving Project via electronic networks. The
four analyses used were the Intermessage Reference analysis, the Message Flow analysis,
the Message Act analysis, and the Semantic Trace analysis.

The Intermessage Reference developed by Levin, Kim and Riel (1990) analyze(i
the connections between interactions, determining whether reference was made to
previous messages, and if so to what messages. The.analysis indicated that the
interaction during the Water Problem-Solving Project was not simple (Waugh et al.,
1988). The interaction was not dominated by key individuals but rather was a free

exchange of questions and responses among all participants. The authors contend that

_this occurrence was possibly due to the fact that messages were exchanged as electronic

mail, rather than through real-time methods or that each of the participants was fully
committed to participation in the activity.

The Message Flow analysis also developed by Levin et al. (1990) plotted the
density of messages per unit time, followed across time. The dgta from the collaborations
from the Water Problem-Solving Project generated a graphic pattern which indicated that
the problem-solving activity “evolved” much as d‘o the other types of activities conducted

in the online medium. That is the level of activity began from a single message that
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triggered extensive interaction among participants. This initial information exchange
shifted to off-line data analysis, and the final messages exchanged concerned student
interpretations of the shared idea.

The Message Act analysis, designed by Levin et al. (1990) to identify the
functions that each message is to accomplish (e.g. initiation, reply, evaluation), revealed a
pattern that indicated th_at the activity was composed of a single initiation with numerous
responses and formative evaluations. Referring to research by Mehan (as cited in Levin
ef al., 1990), the authors contend that this pattern is not typical of traditional face-to-face
classroom interactions. In addition, this analysis showed several of the remote sites
exchanging summary data.for cross comparisons among themselves.

Finally, the Semantic Trace analysis, developed by Miyake (Waugh et al., 1988),
attempted to focus on the nature of the content of student interactions. Miyake began b-y
constructing a collective overview consisting of all the ideas that were contributed by the
students within the Water Probleﬂ-SoZving Project and other related concepts that were
established as important to the problem of obtaining drinking water. Within this
framework, she traced the course of the development of the students’ ideas and
graphically represented that pattern in chart form. Using the chart as an aétix}ity map,
information such as where a particular part of the interaction arose, how it became
integrated into the previous discussion, and how the focus of the discussion shifted as a
result of a i)aﬂicular communication, became apparent. The results of this analysis
indicated that the network-based activity resulted in significant contributions to the

problem-solving activity from multiple points of view. Based upon these results the
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authors’ suggest that electronic networking provides a medium that is qualitatively
superior to the traditional classroom for conducting certain.types of problem—solving
exercises.

In another study, McConnell (1994) examined the way in which “time” is
_ perceived and used online, and the dynamiés of mixed gender group work online based
upon perceptions and experiences of staff and students from a computer-mediated
masters degree program at Lancaster University. The students and staff were all
members of small groups rﬁade up of three to five participants and a tutor. From
interviews with students, McConnell concluded that computer-mediated communication
produced outcomes superior to face-to-face communication for group work, based upon
the following faétors: since time and location are not issues for online meetings and time
does not necessarily limit computer-mediated groups, there is less, if any, sense of loss of
relationship between participants between meetings than in face-to-face meetings;
increased contact between group members using computer-mediated communication
increases the sense of commitment and ownership concerning group purposes, processes
and outcomes; the permanent nature of computer-mediated group work allows members
to “re-join” at any time, encoufaging continuous thought about the wqu; various
a;:tivities of groups using computer-mediated communication are not discrete in the way
that they often are in a face-to-face group, thus enabling merﬁbers to work on multiple
issues simultaneously; given the continual and extended nature of computer-mediated

collaboration, the groups using computer-mediated communication usually worked more
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slowly, were more concerned with the interpersonal relationships of the group, and
produced higher quality outcomes than students in a face-to-face setting.

| Not all evidence suggests differences between educational interactions in the face-
to-face mode and those mediated by computer however. Using a simple turn faking
.analysis, McConnell found results about dynamics of mixed gender groups using
computer-mediated communication similar to those in a face-to-face setting (females
being cited as being more “chatty” than males, and often taking more turns than males at
talking, apd males being cited as saying more or talking the longest).

Furthermore, not all evidence points to the superiority of computer-mediated
communication for educational interactions. Hiltz, Coppola, Rotter and Turoff (2000)
found mixed evidence indicating that when students actively collaborate, learning and
achievement outcomes can be as good as or better than those for traditional classes, but
when individuals simply obtain posted material and send back individual work, the
results are poorer than in traditional classrooms (Hiltz, Coppola, Rotter & Turoff, 2000).

Although these findings are important to our general knowledge about educatioqal
computer-mediated communication, alone they fail to revéal important aspects of what is
happening as individuals collaborate in a computer-mediated communication

environment.

Evaluation Methodologies for Computer-Mediated Collaboration. Research
analyzing the content of educational computer-mediated communication was extremely
limited until the early 1990’s. The published literature consisted mostly of application-

oriented descriptions (Mason, 1992), and very few researchers took on the time-
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consumiog and challenging task of anal&zing the educational quality of conference
interactions. The reasons for this were: that there existed no means for dealing with tfle
abundance of information contained in the messages, nor any tried and tested
methodologies for assessing educational value (Mason, 1992) or of interpreting the
elements of meaning that had significance for the learning process (Henri, 1992); and
even with the growing acceptance of qualitative approaches to research, there was still
;‘strong pressure to measure in some way the elements of ‘success’ or ‘learning’ or even

29

‘educational exchange’” (Mason, 1992, p. 107). To prevent subjectivity most research
: -on computer conferencing was limited to quantitative analyses of messages sent, who
sent them, number and time of logons, and message maps showing message chains and
.the number of replies. The unfortunate consequence was that those aspects most

: .susceptible to evaluation were often taken as the whole; for example the volume of

messages came to signify the efficiency, success and productivity and value of

educational exchanges. Conclusions as to the potential of computer-mediated
communication were often drawn without a mention of the actual content, much less the
value of the interactions (Mason, 1992). In her paper, Evaluation Methodologies for

Computer Conferencing Applz’cations,.Mason (1992) used a quote from Worthen and

colleagues to describe modern educational evaluation as “...a multidimensional,

pluralistic, situational, and political activity that encompasses much more than simple
application of the skills of the empirical scientist” (p. 106). Fortunately, the field of

educational evaluation has developed very rapidly over the same period that computer

conferencing has been used in educational settings (Mason, 1992).
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In 1987 Beckwith attempted to create one of the first interaction analysis
instruments with three categories of group interactive behaviors. Catego£y one, creative
behaviors, was comprised of two sub-categories, synergistic behaviors (those behaviors
which convergé toward consensual solution) and synectic behaviors (those behaviors
which diverged toward alternative possibilities). The second category, thé debilitative
category, comprised of self-referencing behaviors (those which direct individual angst
and insecurities toward prémature task resolution) and polarizing behaviors (those which
tend to ¢ffect group dissolﬁtion through individual isolationism), represents individual
actions (Beckwith, lé87j._ Lastly, category three, the facilitative behaviors consist of
group-referencing behaviors (those behaviors which may be applied to transform
debilitative behaviors into creative behaviors). Beckwith suggested using the interaction
analysis iﬁstrument to provide feedback for problem-solving groups, to monitor, control
and improve group progress, and to research the group problem-solving process. There
was no mention, however, of the validity or reliability of the instrument, nor of whether
. Beckwith had used it himself. In fact, little is mentioned about this analysis model in
most recent studies.

Henri (1992) led the way for content analysis, by developing a framework and
analytical model to investigate the learningI process and other signiﬁcz‘mt information
present in the content of messages exchanged by way of computer-mediated
communication. Henri’s method of analysis used a qualitative approach and had two
characteristics: a priori criteria, and a cogritive view of learning (Henri, 1992). Henri

used criteria established in advance in order to provide focus for the analysis; an attempt
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to analyze all dimensions of computer-mediated communicatioﬁ would have led to an
abundance of data, much of it irrelevant to the learning process. The analysis was
consistent with cognitive theories of learning, which focus on the process of learning
rather than the product, on “what and how the learner understands, rather than on what
should have been understood” (Henri, 1992, p. 123), and how the learner manages the
knowledge and skills that he or she brings to the cognitive aétivity (metacognition). The
model, which Henri designed to identify the leéﬁing processes and strategies selected or
developed by learners, highlighted the following five dimensions of the learning process:
participation, interaction, social, cognitive, and metacognitive. Henri established
operational deﬁnitic;ns of each, and identified indicators that would allow evaluators to
recognize the occurrences of each element. The dim’énsion of participation was divided
into two categories, ta) overall and (b) active participation in learning process, each with
separate indicators. Henri’s social dimension was limited in depth of analysis and had
only one category, for statements not related to formal content or subject matter.
Interactivity, included the following sevlen categories: (a) explicit interaction, (b) direct
response, (c) direct commentary, (d) implicit interaction, (e) indirect response, (f) indirect
commentary, and (g) independeﬁt statements (statements relating to the subject, but |
which is neither an answer nor a commentary and which does not lead to further
statements). Within the cognitive dimension, Henri (1992) focused on the cognitive
skills related to critibal reasoning activities, and grouped into five éategories: (2)
elementary clarification, (b) in-depth clarification, (c) inference, (d) judgment, and (e)

strategies. Furthermore, to look beyond the presence and frequency of these skills, Henri
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distinguished “surface processing” from “in-depth processing” for each category. This
analysis enabled Henri to identify the skills linked to critical reasoning and then to
evaiuate the level of information processing applied by learners in each of the skills.
When analyzing the metacognitive ‘dimer;sion, Henri (1992) made a distinction between
metacogniti_ve knowledge (“declarative knowledge concerning the person, the task, and
the strategies” [p. 131]) and metacognitive skills (“procedural knowledge relating to
evaluation, planning, regulation and self-awareness” [p. 131]). Thus, the éategories (@)
person, (b) task, and (c) strategies were classified as metacognitive knowledge, while the
categories (d) evaluation, (e) planning, (f) regulation, and (g) self-awareness féll under
metacognitive skills. While the messages were not expected to reveal the totality of the
metacognitive process, as metacognitive activify is often not observable, included
information in this _kind was certainly worthy o.f consideration. Henri did caution,
however, that one.could not conclude that the lack of metac;ogm'tive activity was due to
student weaknesses in this area.

Henn'"s (1992) analysis provided a thorough look at five important dimensions of
computer-mediated communication in collaborative learning. Since its origin this
framework has received enormous attention and has provided a solid basis for other such
frameworks.

Gunawardena, Lowe, and Anderson (1997) developed an Interaction Analysis
Model for Examining Social Construction of Knowledge in Computer Conferencing after
analyzing interactions that occurred in a Worldwide Global Online Debate. The online

debate gave professionals and graduate students in the field of distance education an
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opportunity to come together to contribute knowledge, negotiate meaning, and come to
an undérstandi‘ng about an important issue in the theory and practice of distance
education. Although Gunawardena and her colleagues found models by Hiltz (as cited in
Gunawafdena, Lowe & Anders'on, 1997), Levin et al. (1990) and Henri (1992) useful asa .
starting point for analyzing interactions in computer-mediated cohnnunication, none of
the methods provided enough specificity on how to evaluate the negotiation of meaning
and the co-construction of knowledge in computer-mediated communication.
Furthermore, the definitions of interaction provided by these models were not suitable for
the pattern of interaction observed in a debate. Gunawardena et al. agreed with Henri
(1992) that examination of the actual content of messages is the appropriate means of
evaluating the quality of the learning experience, and found Henri’s model to be the most
promising starting point for interaction analysis. The model created by dunawardena et
al. evolved through an analysis of the entire transcript for (a) type of cognitive activity
performed by participants (questioning, clarifying, negotiating, synthesizing, etc.); (b)
types of arguments advanced throughout the debate; (c) resources brought in by |
participants for use in exploring their differences and negotiating new meanings, such as
reports of personal experience, literature, citations, and data collected; and (d) evidence |
of changes in understanding or the creation of new personal constructions of knowledge
as a result o'f interactions within the group (Gunawardena et al., 1997). Based upon the
observationé Gunawardena and her colleagues developed an outline of the process of
negotiation that appears to occur in the co-construction of knowledge. The researchers

observed that as the group interacted together more effectively and learned from each
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other, the successive stages they went through could be considered forms of higher
mental functions. The outline, then, consisted of the five following phases, from lower
mental functions to higher mental functions: (a) Sharing/Comparing; (b) Dissonance, (c)
' Negotiation/Co-construction, (d) Testing Tentative Constructions, and (e)
Statement/Application of Newly-Constructed Knowledge. Through applying the
analysis to the online debate, Gunawardena et al. found the division of phases somewhat
imprecise, and noted that the construction of knowledge could occur in more or fewér
phases than described above, and that different phases could possibly occur at the same
time among group members. Nonetheless, the researchers were satisfied that this
analysis model would provide the means to determine that knowledge construction
“occurred within a group by means of the exchanges.

In 1995, Newman, Webb. and Cochrane élso developed a content analysis method
to evaluate the quality of group learning via computer-mediated communication.
Specifically, the method of analysis was created to measure and combare the critical
thinking in face-to-face and online seminars. Newman and colleagues followed Mason’s
(1992) recomﬁendations to widen the net and include other educational goals such as
“critical thinking, deep understanding of course material or broad awareness of issues,”
and created a detailed content analysis “by bréaking these [goals] down into examples of
behavior and written bek which dispiay these characteristics” (as cited in Newman et
al., 1995, p. 59). Their work focused on the cognitive dimension defined by Henri
(1992), and specifically the area of critical thinking since “successful group problem-

solving processes require critical thinking, leading to the critical understanding needed
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for deep learning (Newman et al., 1995). The authors asserted, “Critical thinking is not
just limited to the on-off assessment of a statement for its correctness, but a dynamic
activity, in which critical perspectives on a problem develop through both individual
analysis and so.cial interaction” (p.lQ). For this reason the focus of their study was on
looking for signs of critical thinking in a social context.

In 1996 Newman, Johnson, Cochrane anci Webb used the critical thinking
indicators for the purpose of content analysis. Similar to Henri (1992), the authors used
paired opposites to indicate critical versus uncritical thinking. Howevér, they attempted
to address two perceived downfalls that they found with Henri’s indicators: (a) Henri’s
indicators of cognitive skills were fairly broad and therefore could include a number of
different activities; and (b) Henri’s indicators did not attempt to evaluate the depth of the
cognitive skills. Newman and colleagues developed the indicators by simplifying Henri’s
pairs, looking for indicators in all of Garrison’s stages of critical thinking (as cited in
Newman et al., 1995), and from prior experience of using similar techniques for assessing
stucient work in computer conferences. The indicators were grouped according to (a)
relevance, (b) importance, (c) novelty, (d) bringing outside knowledge/experience to bear
on problem, (e) ambiguitieé (clarified or confused), (f) linking ideas, .interpretation, (2)
justification, (h) critical assessrhent, (1) practical utility, and (j) width of understanding,
and included specific actions and their relative opposites (e.g. relevant statements vs.
irrelevant statements or diversions, and justifying solutions or judgments vs. offering

judgments or solutions without explanations or justification.)
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The authors used tape-recorded transcripts of face-to-face seminars, and
automatically stored transcripts of computer conferences, to classify each statement
containing one unit of meaning and illustrating at least one, buft possibly more, indicators,
for each discussion. Once the scripts were marked, the totals for each critical versus
uncritical thinking indicator were counted, and a critical thinking ratio calculated for
each, converting the counts to a —1, (all uncritical, all surféce actions) to +1 (all critical,
all deep actions) scale. The authors claimed that this technique produced a measure that
was independent of the quantity of participation, and instead reflected only the quality of

the messages (Newman et al., 1995). The content analysis revealed similar depths of

+ critical thinking on several different indicators. However, the investigation found more

new ideas emerged in face-to-face seminars, while there were notably more positive
ratios in computer conferences for justified and important statements and linking ideas. |
The authors suggested this occurrence might be explained by the lack of typical
brainstorming activities in an asynchronous environment, such as that offered in the
online seminar, and the properisity for less spontaneous and more thoughtful
contributions within this environment.

The authors stated that the content analysis worked well for the transcripts to
which it was applied. Still, they found some practical problems. One was the need for
persons with subject specific knowledge to score transcripts. Second, the authors found
few obvious statements in the categories of ambiguity and clarity/confuéion, practical
utility, and width of understanding. They reasoned'that it might have been an effect of

the nature of the task being a general discussion rather than more specific problem-
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solving activities. Finally, some find picking out examples of uncritical thinking
difficult. The authors suggest that this content analysis technique is a skill that evaluators
need to develop, similar to marking an exam.

Newman et al. attempted to shorten the procéss of content analysis by choosing to
focus only on cognitive factors, in particular, critical thinking, and by attempting to
identify fairly obvious indicators. In addition they attempted to reduce the amount of
subjectivity Within the process, through the choice of indicgltors, through the analyti(':al
method and by the use of control groups. The authors contended that this analysis _
methoa is é_i)plicable to any group—learﬁing environment, where transcripts of group
discussions are obtainable and where the object.is to evaluate the learning process taking

place, rather than assessing individual student performance.

Summary '

The reviewed studies on mathematical problem solving, collaborative problem
solving, computer-mediated communication and computer-mediated collaboration
provide a solid foundation on which to investigate the process. of computer-mediated
collaborative mathematical problem solving. The sfudies on problem solving and
collaborative learning establish the importance of self-regulation or metaéognitive
abilities to problem-solving ability, and the e‘ffec“tiveness of collaborative techniques for
promoting these abilities, as well as other problem-solving skills and problem-solving
achievement (Curcio & Artzt, 1992; Schoenfeld, 1988; Stacey & Gooding, 1993). The
‘research indicates that certain behaviors must occur, though, in order for collaboration fo

be effective for this purpose. It is through task-related discussions, where individuals
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Justify why something is done and provide explanations for one énother, that partners
- mutually regulate the problem solving activities of others in the group (Curcio & Artzt,
1992; Dillenbourg & Schneider, 1995; Stacey & Gooding, 19'93). Dillenbourg and
Schneider (1995) identified conditions, including group composition and task, which
promote this type of behavior. Their research points to the importance of small groups,
and taské that require a continual group effort for understanding and planning, for
effective collgboration.

The research on mathematical problem solving and collaborative problem solving
also provides the basis for evalua'ting.qollaborative problem-solving protocols. The
. studies by Schoenfeld (1981), and Garofalo and Lester ( 1985) were particularly
influential in establishing the practice 6f analyzing problem solving protocols, and their
work (‘;ombined with the study by Stacey and Gooding (1993) lays the groundwork for
content analysis of group problem solving interactions.

The research on computer-mediated communication and computer-mediated
collaboration reveals the differencés in face-to-face communication and online
communication, and the difficulties and benefits associated with online learning and
collaboration (Kaye, 1992; Levin et al., 1990; McDonald, 1998). The fesearch also
confirms the need for me;chods of assessing the educational value of online interactions
and interpreting the elements of meaning that have significance for the learning process
(Henri, 1992; Mason, 1992). The Henri study opened the door for content analysis of
online learning processes and establiéhed a framework for analyzing computer-mediated

collaborative efforts. In combination with existing frameworks for evaluating
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mathematical problem-solving protocols, it provides a good starting point for the look

into the basics of computer-mediated collaborative mathematical problem solving.
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CHAPTERII -

\

DESIGN OF THE STUDY

Conceptual Framework

The investigation and research methodology used in this study were based on the
theories of group learning and problem solving, the evaluation of mathematical problem
solving, and the evaluation of online collaboration.

Mathematical problem solving received tﬁe majority of its attention in the 1980s,
with researchers such as-Schoenfeld (1979a, 1979b, 1981, 1982a, 1982b, 1982c, 1987),
Garofalo and Lester (1985) focusing on analyzing the behaviors of individuals and
groups in the mathematical problem—solving process. Polya (1957) wao the first to
formally conceive of mathematical pfoblem solving as a four-phase heuristic process
(understanding, p}énning, carrying out the plan, and looking back). From this premise
came several other similar theories. Schoenfeld (1981) devised a model for analyzing the
problem-solving process that included five heuristic episodes: readmg, analysis,
exploration, planning/implementation, and verification, He observed that, for sucoessflﬂ
problem solvers, key mefacognitive or self-regulating behaviors occurred between each
of the five episodes. Garofalo and Lester (1985) built upon this model by developing a
framework for analyzing metacognitive aspects of performance on mathematical tasks.
Their framework, consisting of four processes — orientation, organization, éxecution, and
veriﬁcation.— combined the reading and analysis episodes of Schoenfeld’s model, as well

as omitted the exploration phase found in that model. These processes are related to
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Polya’s four phases yet are more broadly defined (Artzt & Annour-Thofnaé, 1992). Artzt
and Armour-Thomas developed the most recent framework for protocol analysis of
mathematical problem solving in 1992. This framework synthesized the problem-solving
steps identified in mathematical research by Garofalo and Lester, Polya, and Schoenfeld,
and cognitive and metacognitive levels of problem solving. It focused on collaborative
mathematical problem solving, and outlined the interactive relationship between the
highly important metacognitive and cognitive processes of problem solving. Episodes
defined by this framework include reading, understanding, analyzing, planning,
exploring, implementing, verifying, watching and listening, with éach episode associated
with a level or levels of cognition. Although research in this area has experienced a
virtual halt in recent years, current studies continue to use the frameworks of Polya,
Schoenfeld, Garofalo and Lester, and Artzt and Armour-Thomas as means to analyze-: fhe
process of individual and group mathematical problem solving.

Collaborative learning has a long history of research in education (Collis, 1994).
With extensive research on small group learning begihning in fhe 1920s, there were
enough studies by 1981 to generate a sample of 122 with characteristics appropriate for
meta-analysis (Collis, 1994). The general consensus of this study Waé that all types of
small group learning are more effective than individualistic or competitive leaming
(Johnsoh, Maruyama, Johnson, Nelson, & Skon, 198.1). Criticism that the methodology
used by Johnson and colleagues ignored, among other things, relevant interactions among
important variables (Collis, 1994), and the completion of additional studies with differing

conclusions, led to a new meta-analysis by Slavin (1987), which used a best-evidence
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synthesis. Slav.in included the method of group learning involved as.a variable of
analysis, and selected seven of the most widely used methods found in educational
. research literature for the study. While a group goal was present, individual
accountability was also stressed within all of these methods. Variation within the
methods included the equal opportunity for success, team competition, task specialization
per group member, and adaptation of instruction to individual needs (Collis, 1994).
Slavin’s analysis of 68 studies reinforced Johnson’s and colleagues’ earlier conclusion
concerning the overall effectiveness of group learning, but added the importance of the
method used by the teacher to organize the group learning expgrience.

Other researchers have added to the evidence that the teacher’s implementation of
a group learning strategy is a critical variable on student achievement. For example,
- Webb (1991) found that group activities s@cﬂned by the teacher to include the giving
and receivin‘g of explanations resulted in significant achievement gains ’compared to those
without this structure. In addition, Johnson and Johnson (1984) provided evidence that
criteria related to group activity, such as positive inter-dependence relative to goals, task
assignment, resources, and roles, were essential to the success of group learning.
Specific to collaborative learning in mathematics, Stacey and Gooding (1993), who
investigated the patterns of oral communication associated with successful learning in
small groups, found that members of effective groups interacted more, and helped one
another more by responding and explaining to a greater extent durihg tasks.

Educational research appears to have reached a ;:ertain level of consensus

regarding small group learning, at least in traditional classroom settings. However, with
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distance learning and electronically networkgd collaboration, a new variable has been
iI;troduced. The area of fesearch involving computer-mediated communication and small
group learning with participants possibly unknown to one another and at a distance from -
one another is still developing. Studies have showﬁ both similarities and differences in
collaborative learning activities taking place within classrooms and those taking place
across electronic networks (Cohen & Riel 1989; Riel, 1990; Riel & Levin 1990;). Riel
and Leyin (1990) concludgd that the teacher remains a major factor in the organization
and execution of activities. Waugh et al. (1988) found that the nature of instructional
interaction among students involved in this medium is different than that exhibited by
students engaged in typical classroom instruction. Their research states that, in their _
view, computer-mediated communication “provides a medium which is qualitatively
superior to the traditional classroom for conducting certain types of problem-solving
exercises” (p. 1). Still, evidence in this area is quite limited. Most studies have been
restricted to surveys, user interviews, empirical experimentation, and computer generated
statistical measurements (Mason, 1992). Mason (1992) describes the reason for this as
“there are no tried and true methodologies for assessing educational value, and despite
the growing acceptance of qualitative approaches to research, there is still strong pressure
to measure in some way the elements of ‘success’ or ‘learning’ or even educational
exchange” (p. 107). Mason adds that the unfortunate coﬁsequence of this is that “aspects
most susceptible to evaluation are often taken to define the whole” (p. 107). Even the
case study methodology has proven insufficient as a means for providing information

about the educational value of online collaborative learning. Although this method gives
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a rich and wide-ranging picture of a conferencing scenario, providing multiple i)oints of
view and untested theory, the results cannot be generalized to other instances and
contexts. As a result, existing evidence is inadequate, and caﬁ be misleading (Mason,
1992). |

Within the last decade researchers have begun to recognize the importance of
- looking at the quality of student learning taking place (Mason, 1992; Kaye, 1992). There

‘has been a call for more detailed study of the social and psychological aspects of groups

“as they work electronically (Collis, 1994), and a deeper look into educational goals such
. as the social construction of knowledge, cognitive development, and critical thinking,
Mason (1992) suggested bréaking these goals down into examples of behavior or written
: work which displays these characteristics, so that it is possible to analyze conference
content and draw conclusions. about the educational value of a particular online activity.
In addition, Mason recommended progressing from description to analysis by using
quantitative data to show the extent of student participation, or what bercent of the total
activity thé educationally valuable interactions represent.

The shift to research focusing on content analysis of computer-mediated
collaboration has begun. A number of evaluators have attempted to 6ategorize messages
according to basic types. Haile (1986) used the categories of organizﬁtional issues,
technical help, social, and content specific. Similarly, Kaye (1989) categorized rﬂessages
as technical, social or qontent-speciﬁc. Henri (1992) took content analysis a step further
by analyzing the participative, social, interactive, éognitive and metac;ognitive

dimensions of online collaboration. Mason (1992) pursued 4 different line of content
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analysis by attempting to create a typology of conference messages related to the
educational values they display. The method involved discovering what, if any, skills
and abilities participants were displaying or developing. Questions considered during her
analysis included: “Do the participants build on previous messages? Do they draw on
their own experience? Do they refer to course material? Do they refer to relevant
material outside the course? Do the initiate new ideas for discussion?” (p. 114)

Gunawardena et al. (1997) followed this work by developing an analysis model
that examined the social ;:onstruction of knowledge in computer conferencing by
categbrizing (a) typ.es of cognitive activity, (b) types of arguments advanced, (c)
resources brought in by participants, and (d) evidence of changes in understaﬁding, or the
construction of new knoWledge. Likewise, Newman et al. (1995) created an analysis
method to measure critical thinking by categorizing messages in terms of (a) relevance,
(b) ifnportance, (c) novelty, (d) bringing in outside knowledge, (€) ambiguities, (f) linking
ideas and interpretation, (g) justification, (h) critical assessment, (i) practical utility, and
(j) width of undersfanding. Although, subtle differences exist between each of these
‘methods of analysis, there remains considerable agreement amongst educational
researchers that content analysis is the most effective meth(;d of evaluating the quality of
online coliaborati‘ve activities.

The questions stated in Chapter 1 address the study of computer-mediated
collaborative mathematical problem solving. It was the goal of this researcher to develop
and utilize a framework for coding individual and group behaviors of small groups

engaged in online mathematical problem soliling; to perform a content analysis to
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examine the basics of their collaboration, specifically the participative, social, interactive
dimensions throughout the problem-solving process; and to determine the quality of
collaboration and its effect on problem-solving success. Through this, the researcher
hoped to gain édditional insights into collaborative problem solving in the distance
setting as well as in the face-to-face setting, in order to help further instructional
techniques aimed at improving the collaborative mathematical problem-solving

experience in every environment.

Description of the Population

The population of this study was twelve current New York Cit-y middle school
mathematics teachers enrolled in an online mathemétics course offered by New Visions
for Public Schools, .a non-profit educational 6rgan1fzation in New York City, in
conjunction with the City University of New York (CUNY). The course, entitled
Mathematics for the Middle School Teacher, occurred from July 2, 2001 through August
10, 2001, and focused on mathematical problem solving in the area of “Number &
Operatioﬁ.” -The teacheré who enrolled ig this course were quite diverse in terms of
mathematical backgrounds and ability, although a majority had little post-high school
education in mathematics or mathematics education. Additionally, only an extremely
small percentage was certified to teach mathematics. All teachers in this course elected
to enroll in the course to receive gra_duate credits through CUNY and/or to improve their
mathematical knowledge. All members of the population were included in the study. All

groups had the same instructor, same materials, same syllabus and same course format.
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Description of Treatments

The primary format for the course was collaborative problem solving, in which
student groups worked together to complete a variety of mathematical problems.
Students met face-to-face for seven three-hour periods throughout a six-week period to
receive instructional materials and technical training, to solve mathematical problems,
and to discuss problem-solving solutions and mathematical content. During each of the
six weeks of the course student groups were assigned one problem for which online
communication tools provided the sole medium for participant communication in the
collaborative problem-solving task. The groups were directed to complete all 6n1ine
group tasks in a collaborative manner, with each student contributing ideas, responding to
ideas, proposing strategies and procedures, demonstrating solutions, and contributing to
summarizing and reporting their groups' findings. Assignments were the same for every
group, thereby ensuring identical mathematical content and level of difficulty for all
groups. The instructor did not provide assistance to any group during online problem-
solving activities.

| Online communication took place by way of messages posted on the bulletin
board (asynchronous communication), or through the use of the chat room (synchronous
communication), both features of the software package Blackboard. Each group had an
individual online folder to which all bulletin board messages gnd chats were
automatically saved, so that a complete record of each groups' deliberations were
recorded. Additionally, students within each group were able to exchange files with

members of their own group within these folders. Students were directed to
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communicate about group tasks only through the use of bulletin boards and chat rooms
provided by Blackboard. Furthermore, in order to ensure that all information pertinent
and felevant to solving the group task was recorded, students were directed to document
and reiterate all face-to-face, phone, or email contributions within the bulletin board and
chat room communicatiqns of the group.

Although regular participation was required in terms of attendance at face-to-
face meetings, completion of assignments, and involvement with group problem solving
tasks, and students were encouraged to contribute to group collaborations as much as
possible, students were not required to contribute a set amount of postings per week, nor
required 'to be present for all chat room meetings. Within weekly time limits, each group
was instructed to submit a single solution to the instructor via email, onée the group
cofnpleted the assigned probiém to their satisfaction. Gréups were respc;nsible for
making decisions concerning the writé-ups for the solutions. Groups were not allowed
access to the deliberations of any other group nor to the submitted solutions. Once all
solutions were submitted to the instructor they were discussed as a class within the
weekly face-to-face meeting. Written solutions were submitted for each assigned
problem-solving activity, and wére graded by the instructor and included jn the students’
final grades. Grading was quantified using a rubric designed by the Northwest Regional
Educationgl Laboratory (NWREL) (refer to Appendix A), and all members of each group

received the same grade on each task.
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Sampling Procedures

The éubj ects of this study were assigned to groups conéisting of three members.
In order to help eliminate extraneous variables and to diminish variability among the
groups, a matching technique was used to assign group members according to
mathematical ability, technological experience and geﬁder. Teéhnological experience
was assessed by me’ans of a survey included as part of the course application i)acket (refer
to Appendix B). Mathematical ability was determined through the use of a twenty-item
test cénsisting of qu‘estions taken from a mathemétics placemenf exam that was created
and used by the Department of Mathematics at Montana State University. The questions
were designed to assess the students’ knowledge of concepts and basic mathe;natical
skills relating to “Number and Operation” and Algebra (refer to Appendix C). The test
was administered during the introductory faée—to-face meeting, after which time groups
were created. Group composition remained the same throughout the study. The

limitations associated with the sample are addressed in the sectioned entitled Limitations

and Delimitations.

Questions to be Answered

The questions addressed in this stpdy were as follows:
i. What béhaviors did small groups, using computer-mediated
| communication, exhibit in terms of participation and interaction —
soci.al and otherwise — while involved in collaborative mathematical

problem solving?
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2. Was there evidence of characteristic online interactive behaviors that
enhanced or diminished the quality of collaboration within a group?

3. Was there evidence of characteristic structures ina group’s
collaboratixnre behavior that lead to problem-solving success or

problem-solving failure?

Research Design -

This study investigated the process of collaborative mathematical problem solving
in small groups in an online environment, in order to characterize.the participative, social,
and interactive problem-solving behaviors of students in these groups throughout the
problem-solving procéss, and to describe the impact of these behaviors on the quality of
collaboration and the groups’ success 6r failure in problem solving.

As described earlier, the students in the course were placed into groups of three
students, with students heterogeneously matched on mathematical ability, technological
experience and gender. Course content and assignments were identical for all groups, as
well as their method of communication with the instructor and one another. Although
students attended seven face-to-face meetings in order to receive training on the
technology and instructional materials, ‘to complete face-to-face tasks, and to discuss
problem solutions and mathematical content, online collaborative problem-solving
activities were conducted solely wsing asynchronous or synchronous features of the
software package Blackboard. All interactions were recorded on the system, either

automatically, in the case of bulletin board message and chat-room contributions, or by a
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simple process of saving and/or documenting, for any email. As mentioned previously,
all students were assessed in the same manner. For each group aséignment a-common
grade was given to all group members. The course instructor assigned grades with scores
ranging from 5-20, based upon criteria from a problem-solving rubric designed by
NWREL. |

During the third week of the course the researcher performed a content analysis of
protocols for each group throughout the process of solving one problem. Refer to
Appendix D for the problem and solution. The analysis included all discourse that
occurred over a six-day period, from the time the assignment was given on Monday
evening to the time that it was submitted to the instructor on Sunday evening. The
content analysis was completed using a framework created by the researcher and intended
to examine the participative, social and interactive dimensions of behavior in relation to
the problem-solving procéss, particularly throughout the following heuristic episodes: (a)
orientation, (b) orgéniZatioﬁ, (c) execution, and (d) Veriﬁcati;)n (refer to Appendix E).
Following is a rationale for the analytical framework as well as a description of each of

its components.

Rationale

The framework was an amalgamation of an existing framework by Garofalo and
Lester (1985) that categorized the behaviors of students involved in small group
mathematical proglem-solving activities, a framework by Stacey and Gooding (1993) that

focused on coding interactive aspects of collaboration on a mathematical task, and a

framework by Henri (1992) that énalyzed the participative, social, interactive, cognitive,
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and metacognitive dimensions of collaborative leariiing in the online environment. The -
need for this framework existed because of the failure of present models to address
important issues, aspeCté, and characteristics specific to the domain of collaborative
mathematical problem soiving in an online environment. The frameworks by Garofalo
and Lester (1985), and Stacey and Gooding (1993), though quite straightforward and
effective in a face-to-face environment, did not consider behaviors in the online
envifonmeﬁt, which lacks the typical immediacy and verbal communication of the face-
' to-face setting. Similarly, Henri’s (1992) model only considered the activity of
computer;r:nediafed collaboration and did not consider the particular domain of
mathematical problem solving in this environment. There was also a need for a
narrowed, more in-depth focus on the fundamentals of collaborative problem solving,
namely the dimensionslof participative, social, and interactive behavior. Accordingly,
this led to the elimination of tﬁe cognitive and metacognitive dimensions defined by the
Garofalo and Lester (1985), and Henri (1992) frameworks.

| Even so, the contribution of each existing model was fundamental to the
framework. For exémple, while on the surface, a combination of the frameworks by
Stacey and Gooding, and Henri might seem sufficient to address the aim of the study — to
investigate the participative, social and interactive behaviors during computer-mediated
collaborative problem solving, the information acquired from those frameworks would
lack important aspects of what is known about mathematical problem solving, such as the
variations in participation and interaction that can occur throughout the heuristic episodes

(orientation, organization, execution and verification) of the problem-solving process.
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Likewise, considerations of the online collaborative problem solving behaviors without
the components of the Stacey and Gooding model would lack critical details about the
types of interactions that occur during the process.

As with all of these existing approaches, the method of analysis used by the
researcher included a priori criteria. Assigning criteria in advance allowed the researcher
to concentrate on a single aspect of computer-mediated collaborative mathematical
learning — the problem-solving process as revealed in the messages. The details of the

framework, including the theoretical foundation for each of its dimensions follow.

The Analytical Framework
Withiﬁ a computer-mediated learning environment there are three facets to
discourse, as described by Henri (1992): what is said on the subject under discussion;
how it is said; and the processes and strategies adopted in dealing with it. Analysis of the
discourse can be done on each of these levels with what is said on the subject focusing on
‘understanding and judging the quality of wha't is being said on exactitude, logic,
coherence, relevance and clarity; how it is said allowing us to measure how actively the
learner acquires information and uses it to produce new knowledge, through the analysis
of participation, social presence and interactivit};; and processes and strategies centering
on the processes and strategies adopted by the learners as they reveal them in dealing
with the subject.
Henri (1992) contended that the first level of analysis, “what is said on the
subject,” deals essentially with the ‘product’ of lea;‘nir;g, versus the latter two levels,

which reveal more of the ‘process’ of learning. While this study was intended to focus
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on process rather than product, the goal was to inve‘stigate the essentials of collaboration;
therefore the framework was established using only the second level of analysis, and |
included the following three dimensions: pafticipatz‘ve, social, and interactive. It is these
dimensions trlat shed light on the basics of if'and how students collaborate to solve
mathematical problems in an online environment. In addition, there was a need to know
how participati.on and interactions related to the problem solving ;;rocess, namely the
heuristic episodes. The question was whether or not group‘m‘embers interacted
throughout the entire problem 'solving process, from trying to understand the problem, to
establishing and executing a plan, and finally to verifying the selution. Therefore,
heuristic episode was added to the framework as a fourth dimension. The analytical
framework, which provides operational definitions and indicators for each dimension, can
be found in Appendix E. The fdllowing is an explanation of the theoretical foundation of

each.

The Participative Dimension. As stated previously, a mere count of the number

of messages is not sufficient to present an accurate picture of student participation.
Nevertheless, such quantitative data can be useful in content analysis if it is not the only
factor considered, and if it is analyzed in conjunction with data from the analysis of the
other dimensions, such as those defined by Henri (1992). This study followed Mason’s
(1992) recommendation to progress from description to analysis by using quantitative
data to show the extent ef student participation in order to determine wﬁat percent of the

total activity educationally valuable interactions represented.
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As it is well known that computer-mediated communication environments give
rise to various types of conferencing, not all of which are directly concerned with
learning activities (Henri, 1992), a distinction was made between two categories of
quantitative data: data covering the totality of the statements and questions issued by all
participants (overall participation), and data concerning the participation of the learners in

the learning activity (task-specific participation).

The Social Dimension. Although the social dynamics of conferencing are

considered a factor in participation, social cohesion within a group, and the feeling of
belonging (Gunawardena, 1995), as with Henri (1992), this researcher did not want to
replicate the sufficient number of studies offering in-depth analyses of social dynamics.
Therefore, this study limited its.consideration of this aspect to identifying the occurrences

of the expression of the social factor.

The Intérgctive Dimension. Interaction amongst participants is clearly a
necessary. and critical element of collaborative problem solving. The internalization of
cognitive and metacognitive processes implicit in the interaction and communication that
occurs while collaborating can directly help to develop general mathematical probiem-
solving skills and strategies. The s&enéhs of collaborative leafning through discussion
and conversation include the sharing of different perspectives, the obligation to
communicate explanations to others and to make explicit one’s own knowledge and
understandings, and the motivational value of being a member of a well-functioning

group (Kaye, 1992). However, as mentioned previously, communication is not enough.
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Especially in an online environment, the presence of communication does not ensure
collaboration or even interaction. A conference without interactivity would comprise a
series of one-way statemgnts, or monologues linked only by the theme or subject under
discussion (Henri, 1992). Existing literature conveys the importance of participants
interacting with one another by asking questions and giving explanations and assistance
(Webb, 1991; Stacey & Gooding, 1993). In fact, it is clear from the literature that when
interaction patterns of groups that learp effectively are compared with those of ineffective
groups, students interact more with one another and more with the task (Stacey &
Gooding, 1993). In Henri’s (1992) framework for content analysis of computer
conferencing, she defined interaction as a three-step process:

Step 1: communication of information

Step 2: a first response to this information

Step 3: a second response relating to the first

Her model allowed for interactivity, and for its absence as well. The framework
qualified non-interactive messages or statements as “independent.” The framework also
differentiated between explicit interaction (statements containing specific reference to
another message, person or group) and implicit interaction (statements containing an
implicit reference to another message, person or group). Thus, fhe distinctions made for
the interactive dimension of her framework were as follows: interactive versus non-
interactive, and explicit versus implicit interaction.

Although the researcher for this study found these distinctions important for

describing the actual structure of interaction for computer conferences, she did not find
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them sufficient for providing insight into what types of interactions occur, and thus the
effect of these interactions on the quality of the collaborative problem;solving process.
In addition, it was the researcher’s opinion that only one response to a statement or
question is necessary in order for interaction to have occurred. Henri (1992) defines this
as quasi-interactive.- However, for the purpose of this study, the researcher defined
interactive statements/questions as statements/questions that are connected implicitly or
explicitly to one or more other statements/questions within other messages.

As mentioned above, the benefits of collaborative learning occur through the
sharing of different perspectives, through asking questions, and through giving and
receiving explanations and thus making explicit one’s own knowledge and
vunderstandings. Stacey & Gooding (1993) developed a framework expressly for coding |
interactions of small groups in the discussion of a mathematical task. The éategories .
included: asking questions, responding, directing, explaining with evidence, thihking
aloud, commenting, and refocusing discussion. Since this research fpcused specifically
on the collaborative process in mathematical problem solving, the researcher of the study
considered these categories most appropriate. However, she also made a distinction
between interactive and non-interactive statements and questions. Additionally, the
category of “other” was added to classify interactive/non-interactive units of meaning
that focused on the use of the technology or the process of online collaboration. An
explanation for the addition of this category can be found in the section entitled

“Considerations of Reliability and Validity.”
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The Heuristic Episode Dimension. While the existence of communicatidn and

interaction between participants remains the most significant element of the collaborative |
process, the importance of the nature of that communication and interaction, in terms of
how, what and when, cannot be underestimated, especially in the realm of problem
solving. As stated previously, group behaviors could range from coming together only to
delegate individual subtasks, then again only to compile results, to working jointly
through each stage of problem solving — analyzing the problem together, planning,
executing, and verifying the solution. Questions and explanations between students are
valuable, but this interaction can be of little benefit to collaboration and learning if used
outside the process of problem solving. It is the communication throughout each
problem-solving héuristic episode that promotes the scaffolding of knowledge, facilitates
the monitoring and regulation of one another’s knowledge and use of strategies, and that
contributes to successful problem solving and the internalization of cognitive and
metacognitive process'es related to the development of mathematical problem-solving
skills and strategies. In fact, it is these types of interactions that differentiate -
collaboration from mere group work.

As noted in the review of literaﬁre and conceptual framework, there are several
frameworks specifically intended fo;‘ analyzing the mathematical problem-solving
processes of individuals and groups. Although there are slight differences between each
of these models, all of the frameworks categorize mathematical problem-solving
behaviors into heuristic episodes of similar nature. In fact, all agree that the problem-

solving process includes a stage (or stages) at which students analyze and orient
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themselves with the problem, one at which they plan a strategy, one at which they
execute that strategy, and finally one at which they verify execﬁtion of the strategy and/or
the solution. The researcher chose to use the heuristic episodes defined by Garofalo &
Lester (1985), as they uphold this theory while remaining simple and clear-cut; The
_ episodes and their descriptions are as follows:
1. Orientation: The stage during which individuals or groups exhibit strategic'
behavior to assess and understand a problem. This stage includes comprehénsion
strategies; analysis of informatjon and conditions of the problem; assessment of
the familiarity and level of difficulty of the task; and the development of initial
and subsequent mathematical representations of the problem.
2) Organization: The stage during which individuals or groups make plans
concerning their behavior, and choose their actions. This stage includes the
_identification of goals and subgoals, and global and local planning:
3) Execution: The stage during which individuals or groups regulate their
behavior to conform to plans. This stage includes the pérformance of local
actions, monitoring of progress of local and global plans, and tfade-off decisions
such as speed \}ersus accuracy.
4) Verification: The stage during which individuals or groups evaluate’decisions
made and of outcomes of executed f)lans. Verification includes the evaluation of
elements of orientation and organization such as the adequacy of representation,
adequacy of organizational decisions, the'consistency of local.pians with global

plans, and the consistency of global plans with goals. It also includes the
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evaluation of elements of execution and its subsequent outcomes such as the
adequacy of performance of actions, the consistency of actions with plans, the
adequacy of local or final results, the consistency of local results with plans and

problem conditions, and the consistency of final results with problem conditions.

Considerations of Reliability a1_1d Validity

There were several factors necessary to consider regarding the reliability and the R
validity of the study. F irst, there were concerns related to the analytical framework.
Since the data anaiysié of content in the transcripts of small group discussions involved a
complex coding schemé:., impropér use of the instrument posed a possible threat to |
reliability and validity. .In addition, there is always a certain amount of subjectivity
within the process of content analysis. The researcher attempted to reduce such
subjectivity and establish validity through her choice of clearly defined indicators based
on an extensive literature review, aﬁd through a process of piloting and revising the
instrument prior to its use in the study. The pilot study, which was completed two
months prior‘ to the study and consisted of coding random sections of the online problem-
solving transcripts from the first week of the course, revealed the need for only one
significant adjustment. Through the preliminarsl analyses, the researcher recognized that
certain messages could not be categorized as problem solving related. These messages
concerned the use of the technology or the process of collaborating online rather than to
the actual process of solving the problem, and would clearly not occur in a face-to-face
collaborative effort. Still they were directly concerned with learning activities and

critical to the progression of the group effort. For that reason, the researcher added the
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category of “other”, as indicated briefly in the section entitled “The Interactive
Dimension.”
The pilot study also revealed the need for a way. of coding messages such as

» <

“ummm,” “...,” or “ok,” which were without meaning. Accordingly, for the primary
study, these messages were marked NC (not categorized) and were included in the totél
numBer of messages, but not counted as units of meaning. Furthermore, .observati\ons
from the pilot study revealed that once a unit of meaning was classified as “social” it was
meaningless to code it within the categories of “int;eractive Vvs. non-interactive”,
“problem-solving vs. other,” “interaction type,” éﬂd “heuristic episode.” Similarly, since
units of meaning labeled as “other,” and those catégorized as “commenting:’ were either
affective in nature, or did not relate directly to sol\}ing the mathematics pfoblem, it was
judged unnecessaI;y to code them along the dimension of “heuristic episode.”

Since the use of additional coders presented an immense training tésk that was not
justiﬁed in terms of the volume of data to be coded, only the researcher coded all
“official” transcripts. However, for the; purpose of determining inter-coder reliability a
randomly selected section of the transcript containing 50 méssages was coded by both the
researcher and an additional trained coder. Each unit of meaning within the messages
was coded along six characteristics — participant, social vs. not social, interactive Vs. non-
interactive, problem sblviqg vs. other, interactive category, and heuristic episode — and
hence had six points at which coding agreement or disagreemept could occur. For each

coding agreement, one point was given. For example, if there were 20 units of meaning,

total agreement in coding would result in 180 points. Inter-rater reliability was then
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determined by dividing the points given for coding agreement by the number of points
possible for total coding agreement. In this way, the inter-rater reliabi.lity for the
framework was determined to be 81%. The researcher determined stability over time in
the same manner, by re—cpding a random section of the traﬁscript two months after its
first coding. Test-retest reliability was determined to be 86%.

Another concern was that the nature of the online medium could hamper the
ability to achieve full awareness of all individual problem-solving behaviors, éuch as’
reading the problem and performing computations. Though this could be considered a
threat to validity, the researcher did not consider it a weakness in the methoaology.
Rather, she felt it served to elucidate the differences between collaborative pfoblem
solving in a face-to-face environment and that mediated by computer, becaus‘é in the end
" those individual behaviors seen by the obseﬁer are also all that is seen by the 'group
members.

There were additional concerns related to the subjects and the treatment of the
"study. The lack of mathematics courses offered in an online environment with a focus on
collaborative -problerﬁ solving, the small number of students in the total population, and
the nature of enrollment (self-selection) prevented randomization of subjects. However,
the primary aim of this research was not to generalize results, but rather to take a |
preliminary and in-depth look at the processes of computer-mediated collaborative
mathematical problem solving in order to develop theories about the relationship between
the participative, social and interactive dimensions throughout the problem-solving

process and the effect of these dimensions on problem-solving achievement.
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Nonetheless, matchihg of subjects based upon gender, mathematical ability, and
experience with online technology was used in an attempt.to balance the abilities of all
groups. To further ensure the internal validity of this study, the possible effects of
history, maturation, and selection were addressed. The analysis of data showed no k
evidence of effects of history, and maturation. The greatesf threat to the internal validity
of this study was selection. .Although efforts were made to equate groups on ability, there |
does exist the possibility -that the groups, after being assigned, were different in ability
levels at the beginning of the study. This must be considered when interpreting the
results of this study, and therefore it is listed as a limitation of this study.

Extraneous variability created by the medium for course delivery Wa.s alsoa
possibility. Difficulties such as the inability to use the technology or a lack of comfort
with the technology might have affeéted the participation of group merﬁbérs. Efforts
were made to address this variable by requiring attendance at a technology orientation
prior to the course, and by providing online technical assistance to all students.
Furthermore, studies have shown that once students become familiar with the technology,
they tend to become more active partticipants (Beaudrie, 2000). For this reason, the
_ researcher delayed content analysis until midway through the course;, with the goal of
diminishing variability caused by this factor.

A final possible threat to validity wés the Hawthorne Effect, vs./hich is the
tendency of subjects under study to exhibit atypical behavior because of their awareness
of being studied, or because they are receiving special treatment. Although this was

indeed a possibility with the subjects in this study, the fact that participahts enrolled in
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the course voluntarily, and that no changes were made to the structure of the course, the
occurrence of this effect was minimized. Nonetheless, as with all of the concerns above

it was necessary to consider and therefore acknowledged as a limitation of the study.

. Methods of Data Collection "

Individual and Group Behavior

Data on individual and group behaviors was collected by observing and
performing a content analysis on transcripts to all online problem-solving dialogues, and
coding every unit of meaning contained within the messages along the participative,
social, interactive and heuristic episode dimensions, using a framéwork developed by the
fesearcher. The framework, which was a synthesis of frameworks by Garofalo and
Lester (1985), Stacey and Gooding (1993), and Henri (1992), was designed to analyze the
participative, social, and interactive behaviors of small groups involved in cémputer—
mediated collaborative mathematical problelﬁ solving during e;ch of four heﬁristic
episodes (see Appéndix E). Indicators were categorized under the following categories:

1. Participative

a) Overall
b) Task-specific
2. Social
3. Interactive
Included under this category were the following types of interactions:

a) Problem Solving




ii.
iii.
iv.

V.
vi.

Vii.

viil.

b) Other
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Questions
Responses
Directions
Explanations
Think aloud

Proposal of ideas

Refocus of discussion

Comments

4. Heuristic episode

Included under this category were the following heuristic episodes:

¢) Orientation

d) Organization

e) Execution

f) Verification

For a detailed explanation regarding the use of this framework for analysis of

content refer to the section entitled Arnalytical Techniques.

Group Problem-Solving Achievement

Group problem-solving achievement was measured simply by the score earned by

each group on the assigned weekly task. Only one score was given to all members of.

each group regardless of individual contributions to the solving of that task. Based upon

the experience of Beaudrie (2000), who analyzed online probiem—solving behévior and
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found that a holistic rubric resulted in little variation in group problem-solving scores,
scores were determined using a detailed analytic rubric developed by the Northwest
Regiohal Educational Laboratory (NWREL). The researcher chose this rubric based
upon its clear delineation of the criteria for evaluaﬁng five different traits of problem
solving: (a) conceptual understanding, (b) strategies and reasoning, (c) computation and
execution, (d) insights, apd (e) communication. The researcher believed that the division
of the rubric into five separate well-defined categories adequately addressed the
aforementioned issue.

As described in the rubric, students exhibited good conceptual understanding of
the mathemaﬁcs in.a problem if they chose appropriate representations, ﬁsed relevant
information, used mathematical terms precisely and selected applicable mathematical
procedures. Students demonstrated their ébility to use sHategieé and reasoning by
investigating and selecting appropriate problem-solving strategies and conducting a
logical, well-planned and supportedprocess that led to a reasonable solution; all forms of
representations were consistent and integrated into their solution, progress was self-
moﬁitored and adjustments were made as needed, and work was verified or a pr_oof of its
correctness was provided. Students exhibited mastery of computation by accurately
- executing all procedures, coﬁectly applying and labeling all visual representations
(charts, tables, graphs, etc.) of thc; problem and demonstrating the correct use of available
technology or manipulatives. Students showed insight into a problem when they
recognized the signiﬁcaﬂce of the problem in its relationship to other problems or‘ in its

connections to other disciplines or “real-world” applications; recognized patterns
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embedded in the problem, discovered multiple approaches and/or solutions, or created a
general rule or formula. Finally, students demonstrated good communication when they
described clearly what they did and why they did it; their explanation flowed in a logical,

fluent sequence, and their message was direct, purposeful, and well organized. Each of

_the five above described traits was given a point value ranging from 1 (low - emerging) to

4 (high - exemplary) based upon the descriptors provided in the rubric (see Appendix A).
A total scdre for each problem was calculated by totaling .the scores for each of the five
traits. As.a result, scores for each problem ranged from 5 to 20. The matters of validity
and .reliél:.)ility of the rubric were addressed previously by the creators of the NWREL
ruiaric. Content validity was supported by areview of the literature and existing scoring

guides, and extensive pilot testing. Inter-rater reliability for the instrument was 85%.

Analytical Techniques

The primary undertaking of this research consisted of analyzing the message
transcripts of four collaborative groups throughout one mathematical problem—éolving
task. Although the questions frqm the section entitled “Qﬁestions to be Answered” were
addressed principally thrbugh a qualitative description of individual and group behaviors,
the use of quantitative data was used to show the extent of student participation and to
provide essential details concenﬁng the amount of educationally valuable interactions.
This approach was used for this study in order to provide a richer picture of the nature of
computer-mediated collaborative mathematical problem'solving than would be possible

with the use of a single method. While numbers proved useful for looking at overall
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patterns of individual and group participative, social and interactive behaviors, and for
identifying and expressing possible relationships between these behaviors and problem-
solving achieveinent, a rich description offered a more holistic picture of the interplay
between individual and group behaviors within the problem-solving groups and of the
effect of these behaviors on the problem-solving process and the level of collaboration
that took place. |

Quantitative data regérding .student behavior was categorized as_follows: data
covering the totality of participation i)y all participants, and data concerning the
participation of the learners in 1.:he léaming activity (task-specific). Total participation
was quantified as the total number of messages sent by individuals and groups.
Additionally, however, there was a ﬂeed to distinguish between the participation of
indix.liduals who sent few messages that contained multiple ideas, trains of thought; and
quéstions and/or statements regarding various matters, and those that conveyed only one
thought or idea over the course of two or more messages. For this reason, the researcher
used Henri’s (1992) metﬁod of dividing messages into units of meaning (refer to
definition in chapter 1). In so doing, the total number of units of meaning for each
individual and group provided additional enumeration of total participation and became
the principal unit for coding. Each of the units of meaning was then analyzed and coded
along the social and interactive dimensions, and for units of meaning classified as
problem solving related along the heuristic episodes of problem solving, using the Matrix

Jor Message Analysis found in Appendix F. For clarity, the process for coding a message
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is illustrated in the Message Coding Flowchart in Figure 1. Using the flowchart, the
following message example can be coded:
“Hi guys, I’'m bz;ck! I’m having real problems with my Internet
connection. Doesn’t the problem say that we are supposed to find the
largest rectangular number? Why don’t we eliminate all of the prime
numbers and then make a chart with the rest of the numbers.”
Within the example message the participant makes a greéﬁng, makes a comment about
the technology, asks a question during the heuristic episode of <;>rientation, and then
_proposes an idea as part of the organization stage. The messag:e must first be divided into
three units of meaning. The first unit of meaning is social in nature, therefore an X is
placed in column four of row one in the matrix in Figure 2, and' the process is continued
with the second unit of meaning. The second unit of meaning concerns the use of
technology. Assuming that it is not interactive, the coding is as shbwn in row twb of the
matrix in Figure 2. Notice that since the unit of meaning has been éategorized as “other,”
it is no longer categorized along the “interactive category” or “pfoblem solving heuristic
episode.” The third unit of meaning is clearly a question and relates to understanding the
problem, and within the fourth unit of meaning the participant proposes an idea to solve

the problem. Assuming the second and third units of meaning were both interactive, the

coding in this case is presented in Figure 2.
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Figure I. Message Coding Flowchart

Write the message __ Does the message Write NC in
number in column . include any ca.tegorlzable
contributions? column2.

Divide the message into appropriate units of meaning and
for each unit of meaning proceed with the following steps.

Write the number ofthe unit of meaning in column 2, and
the name of the participant who contributed itin column 3.

Place an X in Is the unit of meaning social
column 4. in nature?
Place an I in column 5 ifthe unit of meaning is
interactive or an N in column 5 ifit is non-interactive.
Place anOin Is the unit ofmeaning
column 6. categorized as "other"?

The interaction is a "problem solving™ interaction. Place aP in column 6 and continue with next step.

Categorize the unit ofmeaning as one ofthe following and write the appropriate code in column?:
Asking questions: Q Responding: R Directing: D Explaining with evidence: E
Thinking aloud: A Proposing Ideas: P Commenting: C RefocusingDiscussion: RD

Determine the heuristic episode in which the unit ofmeaning falls and write the appropriate code in
column 8

Orientation: ORN Organization: ORG Execution: E Verification: V

Is there another unit of
meaning within the _
current message? Coding ofthe
message is
complete.
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Figure 2. Sample Coded Message Matrix
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Total partjcipation was measured using the total number of units of meaping
1ssued, and task-specific participation was measured using the number of units of
meaning directly related to the learning activity. Task-specific participation was further
separated into two categories: units of meaning directly related to solving the assigned
mathematics problem (labeled “problem-solving”), and uni’Fs of meaning related to the
use of online technology and to the process of online collaboration (labeled “other”). The
percentage of social contributions was defined as the number of occurrences of the
expression of the social factor, divided by the total participation. Percentages for
problem-solving participation and other contributions were calculated by dividing the
number of units of meaning defined as problem solving and other, respectively, by the
total participation. Percentages for interactions classified as questions, responses,
directions, explanations, think aloud, proposals of ideas, commenting, and refocus;ing of

discussion were calculated similarly.
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Limitations & Delimitations

The limitations of this study were as follows:

1.

The groups of this study were limited to students taught by one teacher, in
one course offered by New Visions for Public Schools and City University
of New York. |
The population of the study was limited to twelve students.

The researcher was not able to control for effects of history, maturation

and selection on students.

The delimitations of the study were as follows:

1.

2.

The period of the study was limited to one six-week course.

Content anélysis was limited to dialogue occurring during one week of the
course énd related to the collaborative effort to solve one mathematical
problem.

The population of the study was enrolled in a course focusing on

mathematics concepts surrounding “Number & Operation.”
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CHAPTER 111
DATA ANALYSIS AND FINDINGS
Introduction

As discussed previously, the preliminary focus of this research consisted of
analyzing the message transcripts to all online problem-solving dialogues from four
collaborative groups throughout one. mathematical problem-solving tagk. By coding
messages along §ix dimensions, using a framework developed by the researcher, data on
the participative, social, and interactive behaviors for each group and group member,
throughout the problem-solving process, was collected. This chapter contains three
sections. The first section, entitled “Description,” includes a generai account of the
collaborative problem-solving effort of each group and is aimed at establishing a context
for data reported, analyzed and synthesized within the subsequent sections. The next
section, entitled “Analysis,” includes quantitativg data for and qualitative descriptions of
individual and group behaviors, and reflects the findings of the content analysis in terms
of individual elemeﬁts of collaboration. It includes the following areas:

1. Total participation of the group during the entire problem-solving process

2. Social contributions

3. Task-specific participation of the group during the entire problem-solving

process

4. Task-specific participation of the group duﬁng eéch heuristic episode

5. Problem-solving interactions throughout the entire problem-solving process
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6. Other interactions throughout the entire problem-solving process

7. Problem-solving achievement
The final séctioq,_ entitled “Synthesis,” examines the connections and interdependence of
the elements from above in order to address the question of how the collaborative éystem
functioned as a whole, and to present a holistic picture of the joint problem-solving effort

and achievement of each group within the online environment.
Description

Blue Group

The blue group’s participation was extremely limited with a total of only three
asynchronous messages exchanged between two members of the group. T‘he‘units of
meaning within these messagés were limited to a short series of thoughts and questions
about the problem, and a message regarding the inability to utilize the chat room within
the virtual classroom. There appeared to be a little connection between the group
members, as interpreted by the lack of interactive units of meaning and related responses.
All task-specific units of meaning for this group fell within the orientation stage of
problem solving, and there was no evidence that suggested whether the task was

delegated or divided, whether it. was completed or even if any progress was made.

Green Group

The green group made use of both types of communication, exchanging initial
comments and questions about the problem through bulletin board messages, completing

a considerable amount of collaboration on the problem synchronously, and then once
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again communicating asynchronously as they completed the i)roblem. Asynchronous
messages within this group also included a series of thoughts and questions about the
problem. However, in addition there were also messages regarding when the group
“would meet in the chat room. As with the blue group, there was a noticeable lack of -
related responses and interactions betweén group members when using asynchronous
communication. However, the presence of true teamwork was evident for this group as
they used the chat room extensively throughout t.he ﬁfoblem—solving process in an |
attempt to understand the problem, brainstorm solutions and even to perform the
.mathematics. Synchronous collaboration within the green group was dividéd into ;chree
different session-s. The first session began with all three members present, but moved to
two members after one member became frustrated and departed the chat room. The
following two sessions were limited to two members — tile member who had withdrawn
earlier and one of the others. During these two sessions much of the dialogue consisted
of one member providing clarification and mathematical explanatiohs to the other
member. Still collaborative efforts of this pair seemed to result in progress toward
finding the solution to thé pfoblem. At '{the conclusion of the third session a plan for
solving the problem had been produced and execution of the plan had begun. The final
two messages exchanged by the group were asynchronous in nature and focused on
verifying the answer and logistics related to submuitting the assignment. Unlike the
asynchronous messages sent at the beginning, these messages were interactive and well

related.
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Red Group

The red group also utilized both the asynchronous and synchronous modes of
communication, élthough not as extensively or as productively as the green group. The
members of this group met for several very brief chat room sessions and accomplished
little in the way of collaborative problem solving, focusing primarily on discussing
matters of completing and submitting the assignment and using the technology to do so.
Dialdgue during many of these sessions related to individual work that had 1b.een posted in
the file exchange. The following remarks during the first session exemplify the -
independent efforts that occurred throughout the entire process: |

| .Mara: Mary, I put my files in the exchange if you wént to look at them.
Mary: I’ll take a look at your file. I also have a response in the exchange.
Mara: Mary, I can only be on for 20 more minutes so let me know what yc;u think
- of the file. I’ll be on tomorrow night as well.
Mara: 1 ha\}e two files on the exchangé.
A short time later

Jane: Hello ladies. I finally got on also.

Mary: Mara I saw your files. I feel that 999,960 is a better number since it has

the factors 2, 5, 3 and it is very close to 1 million.

Mary: Jane what’s happening? Why don’t we meet again tomorrow night since

Mara has to go now?

Jane: Mary: 999,960 is interesting. What determines the rectangular properties?

Jane: Ok with. I will look at the exchange files and add what I can contribute.
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Jane: Iam going to look in the exchange files now. Is anyone still there?

Mara: Hey guys, sorry, I didn’t really understand the multiple personalities _

problem. 750 was just an example, I'm still going through numbers.

Mara: ok, look over my files, I’m going to be on again tomorrow.

In the same way, asynchronous communication consisted of only two messages,
both exchanged at the end.of the process and both focusing Iafgely on verifying the

solution to the problem.

Yellow Group

The yellow group limited their participation to the synchronous mode of
communication. The majority of the discourse for this group consisted of social dialogue
interspersed with discussions related to finding a quick way to solve the problém,
whether by formula or through online resources. While there were some collaborative
efforts aimed at understanding the problem they were always related to the attempt to
apply a formula. Near the end of the tran'sc.ripts messages revealéd a sudden possible
solution to the problem followed by a hasty decision to write ﬁp the solution with no sign

of verification. ) ‘ : ) C

Analysis

Total Participation

It is evident from the above descriptions that participation varied significantly
amongst the four groups. The blue group, whose participation was limited to use of the

group bulletin board system, sent a mere three messages and a total of nine units of
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meaning within_ those messages. Conversely, the yellow group limited its dialogue to
synchronous messaging, but exchanged a total of 371 messages (347 categorized
messages) and 366 units of meaning. The green and red groups used a combination of
the tw6 modes of communication to send a total of 652 messages (587 categorized
messages) and 479 units of meaning, and 103 messages (96 categorized messages) and
121 units of meaning, respectively. Individual participation within the groups varied
greatly as well, with no con'tributiéns for one member in the blue group and 240 units of
meaning for ohe member in the green group.

As suggested in the previous paragraph, participation included two elements: the -
number of messages sent and the number of units of meaning contributed. Both |
components are important to our understanding of online group commurﬁcation. While
some individuals communicated many important 'ideas within a single message, others
used several messages to convey only one thought, and still other messages were without
meaning. A ratio of the number of units of meaning to the number of messages provides
a more precise picture of how individual group members communicated with one
another. The blue groﬁp had a ratio of 3 units of meaning per message; the green| group’s
ratio was 0.73; the red éroup’s ratio was 1.17, and the ratio for the yellow groui) was 0.99
units of meaning per message. Clearly ratios above one indicate longer messages with
more than one‘unit of message, and ratios less than one signify messages that do not
contain a complete thought. |

On the other hand, although the number of messages sheds significant light on

how individuals communicated, the number of ideas shared remains the most important
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quantity for determining individual contributions to the group. Therefore, in order to
provide an accurate representation of group and individual involvement and for
calculating percentages of different types of contributions, the numerical value assigned

to all future discussions of total participation for individuals and groups will be the

number of units of meaning contributed.

Social Contributions

This study limited its consideration of the social aspect to identifying the
occurrences of the expression of the social factor. Their importance is oniy to the extent '
that they existed and therefore accounted for a certain percentage of the total units of
meaning exchanged within the groups. The percentage‘ of social contributions within
each group was calculated by dividing the number of units of meaning classified as social
by the total participation. The yellow group'had the highest percentage of social
contributions with 36.6%, followed by the red group with 27.3%, the blue group with

22.2%, and finally by the green group with 7.3%.

Task-Specific Participation

Task—gpeciﬁc participation refers to all units of meaning that were directly related
to the learning activity. The percentages for task-specific participation of each group
were as follows: blue group: 77.8%; green group: 92.7%; red group: 72.7%; and
yellow group: 63.4%. Since not all messages were interactive in nature (refer to sectipn
entitled “Analytical Framework” for definition), task-specific participationlwas separated

into two categories: interactive and non-interactive. Within the blue. group, 42.9% of
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task-specific participation was interactive in nature. Likewise, the percentages for |
interactive task-specific participation for the green, red and yellow groups were 84.5%,
61.4%, and 88.4%, respectively. These percentages were calculated by dividing the
number of interactive task-specific units of meaning by the number of task-specific units
of meaning.

Task-specific participation was further divided into the following two categories:
units of meanihg direétly related to problem solving, and other units of meaning related
to the use of online technology and to the process of online collaboration. The
percentages for unifs: of meaning classified as problem solving and those classified as
other are below. A distiﬁction has been made between interactive and non—iﬁteractive
units of meaning for'both categories. The percentage of units of meaning classified as
interactive problem solving was calculated by dividing the total number of units of
meaning classified as interactive problem solving by the total number of task related units
of meaning. Percentages for units of mean_ing classified as non-interactive problem

solving, interactive other, and non-interactive other were calculated in the same way.

Table 1. Task-Specific Units of Meaning.

Group Problem Solving ' Other
, Interactive | Non-Interactive | Interactive | Non-Interactive
Blue Group 42.9% - 42.9% 0% 14.3%
Green Group 71.2% 12.6% ' 13.3% 2.9%
Red Group 13.6% 13.6% 47.7% 25.0%
YellowGroup |  39.7% 5.6% 48.7% | 6.0%
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Problem-Solving Contributions. Problem-solving contributions included

interactive and non-interactive statements 'and questions related to the process of solving
the mathematical problem. The percentages of problem-solving contributions for each
heuristic épisode were calculated by dividing the number of units of meaning in each
heuristic episode by the total number of task related units of meaning. The figures for

each group are shown in-the Table 2.

Table 2. Percentage of Task Related Participation for Each Heuristic Episode.

Group Orientation Organization Execution Verification
Blue Group 85.7% 0% 0% 0%
Green Group 42.8% 11.5% 16.7% 4.1%

Red Group 5.7% 1.1% 0% 10.2%
Yellow Group 14.7% 13.0% 11.6% 5.2%

Problem-solving contribﬁtions were further sortéd into the following
subcategories: questioning, responding, directing, explaining, thinking aloud, proposing
ideas, refocusing discussion, and commenting. The overall percentagé for each type of
problem-solving interaction was calculated by dividing the total number of units of
meaning for that category by the total number units of meaning related to problem
solving. Since these categories Were intended to describe types of grouia interactions,
only units of meaning classified as “interactive” were considered within this calculation.
Even so, the existence and importance of non-interactive statements should not be
overlooked, and therefore will be discussed in the section entitled “Synthesis.” The

breakdown can be seen in Table 3.
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Table 3. Total Percentage of Interactive Problem-Solving Contributions.

Interaction Category | Blue Group | Green Group Red Group éigﬁ;v
Questioning 33.3% 25.0% 8.3% 29.3%

. Responding 33.3% 29.7% 41.7% 29.3%
Directing 0.0% 4.1% 0.0% 3.3%
Explaining 0.0% 8.5% 16.7% 0.0%
Thinking Aloud 0.0% 13.6% 8.3% 26.1%
Proposing Ideas 0.0% 8.5% | 16.7% 3.3%
RD‘:fgg‘s‘::gE 0.0% 0.6% 00% | 1.1%
Commenting 333% 9.5% | 8.3% 7.6%

Other Contri‘t.)utiohns. The ability to succegsfully collaborate in the: online
environment was dependent on more than just the group and individual behaviors and
interactions related to problem solving. Units of meaning related to the use of the
technology and the process of online collaboration were found to be impbl;tant to the
functioning of the group, as the dependence on technology to collaborate required group
members to communicate about issues such as when to meet, how té communicate, and
the difficulties of doing both. The percentage of “other” units of meaning was calculated
by dividing the number of units of meaning classified as other by the number of task
related units of meaning. These units of meaning accounted for a notable percentage of
task related interactions within almost every group, with the blue group having 14.3%,
the green group having 16.2%, the yellow group having 54.7%, and the red group having

the highest percentage at 72.7%.
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. Problem-Solving Achievement

Group problem-solving achievement refers to the scores assigned to each group
on the assigned we'ekly tgsk. Scores were determined using an analytic rubric developed
by the Northwest Regional Educational Laboratory (NWREL), and reflected the
evaluation of five different traits of problem solving: 1) conceptual understanding, 2)
strategies and reasoning, 3) computation and execution, 4) insights, and 5)
cqrnmunication. ‘Each of the five above described traits was given a'point value ranging
from 1 (low - emerging) to 4 (high - exemplary) based upon the descriptors provided in
the rubric (see Appendix A). A total score for each problem was calculated by totaling .
the scores for each of the five traits. As aresult, scores for each problem ranged from 5-
to 20. The total scores for each group were as follows: blue group — 13 points; green

group — 20 I;oints; red group — 19 points; and yellow group — 15 points.

Synthesis

The above descriptive accounts and analysis make quite apparent the variation on
every level in the collaborative problem-solving behaviors within the four groups. Still,
the numbers alone can be misleading. For example, while certain percentages for the
blue group suggest‘constl"uctive behaviors (e.g. 77.8% task-specific participation), the
extreme lack of overall participatioﬁ within the group gives a different account of their
collaborative efforts. Indeed, collaborative problem solving must be considered a whole
system that is both greater than and different from its parts. As such it .cannot‘ “validly be

divided into independent parts as discrete entities of inquiry because the effects of the
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behavior of the parts on the whole depend on what is happening in the other parts”
(Patton, 1990, p. 79). The following sections address this issue by providing a synthesis
| of the variables that shaped the complete picture of online collaborative mathematical
problem solviﬂg in this study.

Th.e‘ first and most visible difference between thé groups was the mode of online
communication that each group used. The blue group limited their communications to
the asynchronous mode, while the yellow group limited their collaborations to
synchronous cémmunication and the green and red groups employed both modes of
communication. The most significant consequence of this Variablehwas the types of
messages sent by groﬁp members. This can be understood by taking a close% look at the

ratios of units of meaning to messages, for the four groups in the Table 4.

Table 4. Average Units of h/feaning per Message.

Group , Asynchronous Synchronous
Blue Group 3.0 ‘
Green Group | : 5.25 ‘ 1
Red Group 1.5 1.17
Yellow Group _ .99

In general, the data confirms existing research that computer-mediated
interactions can range from rapid and spontaneous exchanges of short messages, to
relatively lengthy texts. The ratios above suggest that the asynchronous messages tended
to contain the more lengthy messages with multiple units of meaning, while the shorter
messages with oftentimes-incomplete thbughté were more prevalent in the synchronous

mode. Transcripts within the synchronous mode appeared to imitate collaboration in the
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face-to-face’ mode, with a mutual, continual, and spontaneous exchange of ideas and
feedback. The number of messages that were not categorized within the chat room
trans_cripts (e.g. “hlﬁmm,” “ok,” “...”) of each group is evidence of the unplanned nature
of synchronous collaboration.

It is not clear why groups chose to use synchronous or asynchronous modes of
communicating. Although i-t may have been discussed during face-to-face meetings,
there was extremely little online &ialogue about the options and no evidence that the use
of one or both types of communication was aﬁ explicit decision made within the groups.
In fact, the only group to discuss the options did so only briefly during their third chat
session and showed signs of confusion about the use of the asynchronous 'option, as
illustrated by‘ the following exchange of messages:

Shawn: Ann glad to have you. Long distance learning is going really ‘sloyzv._ Are

we going to try the discussion board?

Cindy: Why do you Waﬂt to go to the discussion board?

Ann: This only works if you have all of the information that you need and we are

ready to make a decision on how to present it.

Shawn: Isn’t that the place for actual discussions?

The last message received no response and the short discussion ended abruptly as group
members returned to communicating synchronously about other mafters.

It was apparent, however, that asynchronous communication was very limited
even within the groups that used it. The blue group exchanged a tétal of only three

messages, the green group exchanged four asynchronous messages and the red group
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exchanged only two asynchronous messages. Furthermore, in the case of all three
groups, the asynchronous communication between group members seemed to do little to
advance the group problem-solving e‘fforts. In fact, the number of non-interactive units
of meaning within this mode points to little consideration of previously posted messages.
Four of seven of the blue group’s asynchronous task related units of meaning were non-
interactive in nature. Similarly, the majority (13 of 17) of the green group’s
asynchronous communications were non-interactive. Although the majority of task
related units of meaning for the red group were not non-interactive in nature, the
percentage was still quite high with one of three units of meaning being non-interactive.
Consequently many questions remained unansv'vered, thinking aloud received little
feedback, and proposed ideas were not pursued. Interestingly, most of the asynchronous .
non-interactive units of meaning occurred within messages that were sent at the
beginning of the problem-solving process. Like one might imagine the first stages of
collaborative problem solving in the face-to-face environment, the first set of
asynchronous nﬂessages in the blue and green groups seemed to represent an initial
brainstorming phase where students simply contributed thoughts and ideas without
reflecting on or critiquing those of others. Convqrsely, the asynchronous messages at the
end of the online collaborative process proved to be much more interactive and related in
nature. During these exchanges group members verified the solution to the problem and
discussed technological issues related to c'om.pleting or submitting the problem.

The synchronous mode appeared to promote much greater collaboration and

mutual elaboration and development within the groups that used it. F 6remost, there were
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a much smaller percentage of non-interactive units of meaning within this mode. The
percentages of non-interactive contributions for each group were as follows: 13.1% for
the green group, 38.8% for the red group, and 11.6% for the yellow group. Perhaps the
sense of “real communication” within the synchronous énvironment, which is |
documented to create a pressure to react and respond, encouraged immediate feedback.
This meant that questions received responses and explanations, and thinking aloud
réceivea feedback, both essential elements of collaboration. Additionally, the data
indicated that, on the whole, synchronous communication facﬁi‘tatedgroup work

» throughout the entire problem-solving process, from trying to under'stand the problem, to
brainsforming and organiziﬂg ideas, to executing plans, and finally to verifying solutions.
This Wés quite different from asynchronous communication, in which the groups that
used it communicated interactively only during a single heuristic epiéode (orientation for
the blue group, and verification for the green and red groups).

Still, some obstacles related to using synchronous communication for
collaborative problem solving were evident. These difficulties included lack of control
over turn taking, and the frequent development of multiple threads of discussion within
the same message space, and they manifested themsglvés with delayed responses or even
a failure to respond in sbme instances. Comparable to confusion that might occur in a
face-to-face environment in which all members of a group spoke at the same time and
about different topics, without the ability to weed out extraneous dialogue, the reséarcher

found these issues to create some disorder within the groups, typically when all three
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members were involved in the dialogue. This is well illustrated in the following message
transcript:

Karen: What we need to do first, is find all the composite numbers, then find the

factors of each number.

Erin: Lets just work with whatever we understand_.

Erin: You are right.

Peter: Look at the fénnulé at the bottom of the page.

Karen: But how do we dc; that?

Erin: But we also need '['Q find a formula, because a million numbers are too

much.

Erin: ok

Peter: Define composite # so we can agree on what we are looking for.

Erin: Let’s look at the formula. |

Erin: N=plp2”n2...pk"n

Erin: Help me in determining what each means.

Erin: Ido agree that we have to find the number, composite, that has the greatest

number of factors.

Karen: I'm trying to find something.

Peter: nis the product of all the # that are applicable from 1-1,000,000.

Erin: if cannot be a prime number.

Karen: Why not?

Erin: What is p?
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Peter: Becaﬁse it does not have a fectangular personality.
Erin: because prime numbers only have 1 rectangular personality.
Erin: meaning only one set of factprs.

Peter: ok

Karen: Is n = to prime numbers?

Peter: no

Erin: is = to any number .

Erin: right?

Karen: Because it says, that N is broken down into";he product of its prime
powers.

Erin: which I guess it is just an example of its primé numbers.
Efin: sorry.‘ |

Erin: it is just an example of its factors.

Peter: n is the total of all the composite #s from 1-1,000,000
Erin: is p = factors?

Karen: no

Karen: It can’t be.

Erin: and 1 next to the p the power of the exponent?

Erin: Sois p=product‘?

Karen: I'll be back Peter only 5 minutes.

Peter: Let us agree on the terms first, then we can continue.

Erin: I agree
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Peter: A prime # is a whole # greater than 1 whose only factors are 1 and itself, -
Erin: correct |

Erin: we need to find the factors of composite #

Peter: right.

Erin: and we need to find the # less than a million that has the greateét # of
factors | |

Peter: So the best way to dc; this is to go through it step by step.

Karen: I'm back.

Peter: What is the highest composite number that is less than 1,000,000.
Erin: Yeah but that is a whole lot of numbers, 1000000. -

Karen: p has to be prime number, because every integer can be written as a
product of powers of prime #s. |

Erin: minus the. prime, of course.

Peter: is it 999,000,999?

Erin: 1 can agree to that.

Erin: How did u get ﬂlat #?

Peter: Itis 1 less that 1,000,000 and it is a composite #

Delays in responses and even a failure to respond in some instances are quite

apparent within the aforementioned sample of messages. While it is difficult to discern

the level of confusion caused by these types of behaviors, the continued failure to

fespond led to eventual frustration and withdrawal on the part of one group member as

seen in the next section of the transcript: \

i
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Peter: please explain what you just did Karen.

Erin: T think you are right Karen.

Karen: I’m right.

Karen: I juét don’t know a formula for that, and it’s impossible to do that for all

composite numbers. |

Erin: so, let’s see how can we find that #

Karen: Let’s do it for 1-100 first.

Erin: There must be a way so that we do not have to go through all those #

Erin: ok

Peter: AmIa part of this discuséion‘?

Karen: I know. |

Karen: Yes you are.

Karen: What’s your question?

At that moment Peter left the chat room. Though his decision to withdraw from
participation was not typical, at times groups seemed to cope with the aforementioned
issues by informally limiting synchronous dialogue to two members at a time. If all three
members of a group were online at the same time, it éppeared that one conﬁibuted little
or nothing, while two communicated with one another. From time to time the’
coﬁversation would move to an alternate pair and once again a different member
decreased involvement or sat silent. Though this practice was not discussed and overtly

decided upon in any case, it appeared to be a natural evolution of group interactions.
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Although the occurrence of questions or remarks that remained unanswered or
even acknowledged appears to be a weakness with the online medium, their mere
existence is likely to have served a positive purpose for the groups. The permanence of
messages within the online bulletin board and chat transcripts provided detailed notes of
all contributions, a benefit not found in the face-to-face environment. It was evident that
members referred to these messages, though to what extent is not known.

Other notable differences relate to the ways in which groups participe;ted and
members interacted with one another. While it is difficult to determine a causal
_ relationship between the groups’ behaviors and their success with solving the
mathematics problem, it is possible to compare the groups’ achievement on the problem-
solving assignment while contrasting the details of their behaviors. The blue group,
which was the lowest scoring group (13 points), not only had the least amount of
participation amongst the groups, it also exhibited the largest number of non-interactive
units of meaning aqd limited its effort to the orientation stage of the problem-solving
process. Additionally, only two members of the group participated in solving the
problem.. The interactivg problem-solving behaviors of this group were divided equally
between three different types of interactions — questioning, responding and commenting.
Unfortunately much of these units of meaning were unrelated and therefore led to no
apparent progress for the group. In the end, online transcripts showed no evidence of a
. solution or even completion of the problem.

The yellow group earned the second lowest score on the problém—solving

assignment with a total of 15 points. While this group demonstrated considerably greater




121

participation than the blue group (the second highest amount at 366 units of meaning), it
had the highest percentagé of social interactions and a very limited number of problem-
solving related interactions. Although a large percentage of the yellow group’s task-
specific units of meaning were intéractive in nature (88.4%), over half of these were not
related to solving the mathematical problem. Ultimately, collaborations concluded with
an incorrect answer during the second to last session, and dialogue during the last session
revealed that one of the group members had “found the solution.” There was no gffért
made by the group to verify the answer, as the focus immediately moved to writing up
the solution.

The rpd group earned a total of 19 points on the assignment. This group’s
participation was the second lowest with a total of only 121 units of meaning,
Additionally this group had the second lowest percentage of interactive task-specific
participation and the lowest percentage of problem-solving interactions. Even so, this
group achieved success with this problem. A review of transcripts and the data related to
“other” contributions revealed the explanation for this success. The red group had the _
highest percentage of “other” contributions at 72.7%, with a majority of these units of
meaning making reference to depositing, retrieving and reviewing files using the file
exchange feature of the virtnal classroom. It is apparent that this group pursued a
different approach to completing the assignment, choosing not to collaboratively solve
the problem, but rather to work independently and to reserve communication for a small
amount of verification, and for discussions about completing and submitting the

assignment.
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The highest scoring group was the green group, eaming a score of 20 points on
the assignment. The green group clearly exhibited the greatest amount and highest level
of collaboration while solving the problem, as evident from the highest amount of
participation amongst the groups, the lowest percentage of social contributions, the
highest percentage of task-specific participation, and the highest percentage of interactive
units of meaning directly related to solving the problem. Additionally, the green group
collaborated throughout the problem, working to understand the problem, develop a plan,
execute that plan and verify the results. Furthermore, this process was recursive in
nature, és the membéfs of the group continually assessed, verified and revised their
understanding, goals, plans and execution, and thus revisited each heuristic episode.

Other differences between the groups were much more subtle and had less
perceptible influence on ;che groups’ ;uccess. These variations related to the types of
problem-solving interaétions each group exchanged and the heuristic episodes during
which they wére exchanged. .The numbers of specific interactions that occurred during
each problem-solving episode substantiate the above-described lack of collaboration in
the blue and red groups and help to contrast their behavior with that of the green and
yellow groups. While the extremely limited interaction within the blue group
necessitates no additional need for analysis, a look at the numbers for the red group
provides details such as the fact that interactions occurred primarjly during the
verification episode, less-so during orientation, and only minimaII}.I during the
organization stage. This pattern confirms the overall lack of collaboration within this

group, which instead worked independently and exchanged problem-solving interactions
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primaril_y for the purpose of verification. On the other hand, the green and yellow groups
worked together throughout all of the heuristic episodes. Even so, the data indicated
contrasting‘behavior betweeﬁ these two groups, with the green group exhibiting
percentages of interactions in the orientation and execution episodes that were highef
than those of the yellow group, and the yellow group exhibiting higher percentages of
interactions in the organization and verification episodes. Another difference between
the behaviors bf the green and yellow'groﬁps was the existence of “explanations” within
the green group and.'the lack thereof in the yellow group. These facts suggest that the
green group fc.)cuse.ad more on collaborative problem-solving behaviors, working together
to understand the problem and to execute the mathematics. Finally, although the data
provided few clear—'é:ut pattéms within the groups, it was evident that within the green
group the majority of questions, responses and explanations occurred in the orientation
stage, the majority of ideas were proposed during the organization stage, and the majority
of contributions labeled “thinking aloud” océurred in the execution stage. A similar but
less dramatic pattern was found for the yellow group, except for the category of “thjhking
aloud,” which was more equally distributed throughéut all of the episodes for the yellow
group. In view of the fact that contributions labeled as “thinking aloud” were often
incomplete and reflected members’ thoughts as they occurred rather than thoughtfully
constructed contributions, this information provides a potential explanation for the

disjointed nature of discourse within the yellow group.
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CHAPTER IV
CONCLUSION

Introduction

Collaborative mathematical problem soiving is a complex process with many
facets and interdépendent parts, into which computer-mediated communication
introduces entirely new dimensions. The goal of this study was to shed light on this
system and reveal the details of individual aﬁd group behaviors of small groups solving a
mathematical problem within the online envifo.nment. By means of content analysis, the
researcher attempted to bridge the gap between case study methodology, which cannot be
generalized to- other instances and contexts, and methods such as surveys, user
interviews, empirical experimentation, and st.atistical measurements, which lack a
detailed picture of collaborative problem solving. This was accomplished through the
development and use of a detailed framework to éafegorize participative, social and
interactive behaviors, which enébled the researcher to obtain a holistic and descriptive
picture of computer-mediated collaborative mathematical problem solving while still
acquiring some measure of the‘ elements of educational exchange within the new
environment. The folloWing sections provide a summary of ‘the findings Jof this study; its
conclusions and‘_implications; remarks about the study and suggestions for future action;

and recommendations for further studies.
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Summary

This study examined the process of computer-mediated collaborative
mathematical prbbiem solving within four small groups of students in order to '
characterize their individual and groux; participative, social, and. interactive behaviors
throughout the problem solving process, and to describe the impact of these behaviors on
the quality of collaboration and the groups’ éuccess or failure in problem solving. Data
on individual and group behaviors was collected by observing and performing a content
analysis on transcripts of online problem-solving protocols, and codingh messages along
four dimensions using a framework developed by the researciler. Problem-solving
success was measured by group achievement on the assigned problem-solving task as
determined by an analytical rubric. |

Content analysis revealed noticeable variations in the ways that the groups
collaborated. Differences between gfoups ranged from simple and obvious ones, such as
the arﬁount of total participation, to more complex and subtle dissimilarjties, such as the
types of interactions exchangéd and the phases of the problem solving process during
which they were exchanged. The blue group was the only group that limited its
communication to use of the bulletin board system. It had the least amount of
participation amongst the groups, with only two members contributing to the effort, anél
only three messages being sent with a total of nine units of meaning within those
messages. This group also exhibited the largest number of non-interactivé units of
meaning and limited its effort to the orientation stage of the problem solving process.

The transcripts for this group revealed no evidence that suggested whether the task was
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delegated or divided, and no progress was made online toward solution of the problem.
This group recei\(ed the lowest score on the assignment, with a total ;core of 13 out of 20
points on the problem-solving task. |

At the other extreme, the yellow group was the only group that limited its
dialogue to synchronous messaging, exchanging a total of 371 messages and 366 units of
méaning by means of chat room discussions. Although this group demonstrated
_ considerably greater participation than the blue group, it had the highest percentage of -
social interactions and a very limited nlllmber of interactions related to problem solving.
Additionally, while there were some collaborative efforts aimed at understanding the
problem, the majority of the discourse for tilis group consisted of social dialogue
interspersed with discussions related to finding a formula to solve the problem or to
finding the answer online._ This group appeared to lack focus and vs.las uhable to progress
through the problem solving pr'ocess, as was evidenced with fhe circular nature of their
discussions and the relatively large percentage of talk in the thiﬁking aloud category
throughout each heuristic episode. Near the end of the transcripts, messages revealed the
discovery of a possible solution to the problem followed by a hasty decision to write up
the solution with no sign of Veriﬁéation. The yellow group earned the second' lowest
score oﬁ the problem solving assignment, with a total of 15 points.

The greén and red gréups used a cémbination of the two modes of
communication, sending a tofal of 652 messages (with 479 units of meaning) and 103 -
messages (with 121 units of ;neaning), respectively. The green group exhibited the

greatest amount and highest level of collaboration while solving the problem, as
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demonstrated by the highest amount of participation amongst the groups, the lowest
percentage of social contributions, the highest percentage of task-specific participation,
and the highest percentage of interactive units of meaning directly related to solving the
problem. Additionally, the green group pollaborated throughout the problem, working to
understand the problem, develop a plan, execute that plan and verify the results. This
group exéhanged initial comments and questions about the problem through bulletin
board messages, completed a considerable amount of collaboration on the problem
synchronously, and returned to asynchronous éommunication to complete the problem.
They achieved the highest score, earning 20 points on the assignment_.
The red group took a different approach than the other three groups,
demonstrating very little collaBorative problem solving online. Rather, the red group
“worked independently and reserved online communication fof a small amount orientation
about the problem, verification, and for discussions about completing and submitting the
assignment. This was demonstrated by the fact that this group had the second lowest
amount of participation, the second lowest percentage of interactive task-specific
parti(;ipation and the lowest percentage of problem solving interactions. Additionally, the
ﬁﬁmbers of the group had the highest peréentage of “other contributions,” with a
majority of these units of meaning making reference to depositing, retrieving and
reviewing files using the file exchange feaﬁre of the virtual classroom. The red group
earned a total of 19 pointé on the assignment.
Evidence pointed to the choice between asynchronous and synchronous modes for

communication as the primary determinant in the amount of participation and the amount
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and typé of interactivity amongst members. The number of asyr_lchronous messages sent
was minimal in all groups that used this mode. While the data confirmed that the
asynchronous messages tended to contain the more lengthy messages with multiple units
of meaning the communication between group members was highl}; non-interactive in
nature and appeared to do little to advance group problem solving efforts. In fact, the
number of non-interactive units of meaning within this mode suggests little consideration
of prev1ously posted messages. Consequently many questions remained unanswered,
thinking aloud received little feedback, and proposed ideas were not pursued.

In contrast, the synchronous mode was much more interactive in nature and
appeared to promote much greater collaboration as evidenced by the low percentages of
non-interactive contributions for each group that used it. This mode produced shorter
messages and appeared to imitate collaboration in the .face-to-face mode, with a mﬁtual,
continual, and spontaneous exchange of ideas and feedback. This meant that questions
received responses and e'xplanations and thinking aloud received feedback, both essential
elements of collaboration. Additionally, the data indicated that synchronous
communication effectively facilitated group work throughout the entire problem solving
process, from orientation to verification. This was quite differenth from asynchronous
communication, in which the groups that used it communicated interactively only during
a single heuristic episode. There were some obstacles related to using synchronous
communication, however, including lack of control o'ver turn taking, and the frequent

development of multiple threads of discussion within the same message space. These
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difficulties manifested themselves with delayed responses, disorder within the group, and
even a failure to respond in some instances.
Lastly, vthe online medium introduced a new variable to collaboration, namely fhe
" dependence on technology for communication. The analysis revealed the significance of
“other” contributions in online collaborative problem solving. Although these units of
meaning, which were related to the use of the technology and the process of online
collaboratipn, might be considered secondary to the problem solving intgractions, they
accounted for a noteworthy percentage of task related interactioné within almost every
group and were found to be important to the functioning of the groups as they discussed

issues related to when and how to communicate.

Conclusions and Implications

Through the process of content analy‘sis several important cohclusions emerged
coilcerning computer-mediated collaborative problem solving. The primary observations‘
related to tﬁe ways in which groups communicated and participated. The evidence
reveals various levels of collaboration, from simply exchanging files with little group
effort, to participation and cooperation throughout the entire problem solving process.
While participation was important to éollaboration, the interaction between group
members was found to be even more so. Though the group that exchanged files was
successful in completing the task with little interaction, the lack of true collaboration

within that group was quite evident. Within the remaining groups, the results of this

study support existing research which indicates the importance of interaction to group
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success in collaborative problem solving (Webb, 1991; Dillénbourg & Schneider, 1995;
Stacey & Gooding, 1993). The data indicate that the most effective group not only
participated more, but also socialized less, interacted more, with more task-specific
content and more interactions related to solving the problem. Additionally, this group
collaborated throughout the problem-solving process in a recursive nature — working to
understand the problem, develop a pian, execute that plan, and verify the results, and
'revisiting each of these heuristic stages — thereby lending substantiation to previously
defined problem-solving processes that lead to success (Curcio & Artzt, 1998).

| Conversely, the participants in the ineffective groups clearly exhibited little
partiéipation, a large number of non-interactive and non-problem related contributions,
- and more social interaction. Furthermore, these groups failed to create a cohesive effort
. that advanced throughout the entire problem-solving process. Although no clear patterns
were detected connecting specific types of problem-solving inter_actions to group success
or failure, the data from th.e gfoup collaborations did show the highest scoring group as
the only one that had problem-solving interactions of all types. Interestingly, this group
also exhibited a notable percentage of talk in the thinking aloud category, which in a
previous face-to-face study was reported to be a predictor of low achieving groﬁps
(Stacey & Gooding, 1993). The researcher proposes that this may shed light on an
important difference between the online medium and the face-to-face environment. Since
the majority of this “thinking aloud” occurred during the heuristic episode of execution, it

is likely that changes in the medium require or compel group members to communicate
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about things such as the mathematical procedures they are executing, which in the face-
to-face mode might be written on paper or simpiy completed in one’s own mind.

There were also no de;tectable patterns regarding individual paﬂicipation and
interactions within the groups, though it did appear as if an informal leader emerged in
the highest scoring group. This group member contributed a majority of the interactions
within her group, was the only member of her group that was involved throughout the
entire process, and was reébonsible for nearly all (93%) of her group’s explanations.
Additionally, she appeared to initiate all productive exchanges of ideas and informally
focus and direct the group’s diecussions and behaviors through her contributions. The
researcher con81ders her leadershlp as a primary reason for the progress and success lof
that group, and the lack of this type of leadership within the other groups as a key
explanetion for their failure to advance toward a solution during online collaboration.

.This study also illuminated several issues related to the use of technology for
collaborative problem solving. As discussed previously, the use of asynchronous and
synchronous cemmunication appeared to play a major factor in how and how much
groups collaborated. Asynchronous communications proved to be disappointingly
sparse. Data failed to support past research that found extensive and thoughtful
asynchronorls interactions amongst participants that were triggered from a single message
. (Levin et al., 1990). Instead group members communicated very little and seemed to do
S0 w1thout regard for the ideas and thoughts of other group members. The researcher
suggests these findings are similar to what is most often found in communication via

written letters. As letters are exchanged their writers often fail to address every thought
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that is conveyed or question that has been asked ‘in the letters that they ha\}e received, but
rather communicate their own thoughts and what is important from their perspective. In
view of this example, it is the researcher’s opinion that it is the delay in communication
that is responsible for the non-interactive and disconnected nature of discourse in the
asynchronous mode. Thus, while the data still suggests the asynchronous mode may
promote longer, well-formed messages, and may be a good means of sharing .ideas, the
lack of immediate feedback appears to hinder group brogreés in problem solving.

On the other hand, the findings revealed that synchronous communication
facilitates increased and more continuoug participation and free flowing interactions that
imitate face-to-face collaboration. Evidently, as with face-to-face c<.)mmunjcation,' the
immediate nature of chat room discourse promotes immédiﬁte feedback for thoughts,
ideas and questions, an es‘slential element of collabdrative problem solving. The
synchronous mode is not completely without problems, however. The transcripts
exposed the disorder and confusion that can be created by delayed responses and failures
to respond and the resulting tendency for some members to exclude themselves or to be

excluded from interactions. In addition, the requirement to meet simultaneously with

introduced problems associated with scheduling and the dependence on technology.
This study also revealed additional hindrances to collaboration associated with

using the technology. First, there were small deterrents such as the difficulty of

expressing mathematical ideas because of the lack of ease or the inability to type

mathematical symbols and items such as superscripts and subscript. Larger obstacles to
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collaboration were found to include the inability to connect for online diséussions
because of server or computer problems, or problems with Blackboard itself, Finally, the
inconvenience of using technology for communication, and the lack of mandatory
participation, that is a natural part of being present for face-to-face collaboration,
appeared to discourage and even deter participati'on"in online collaborative problem-
solving efforts.

Regarding the analytical 'framework, the researcher was unable to conclude that it
is a valid predictor of prqblem—solving success. While it is tempting to conclude that the
green group achieved the highest score because of highly collaborative behaviors, tﬁére
are other variables, such as individual problem-solving ability, that might have influenced
the group’s problem-solving success. Indeed, the very different behaviors within the‘
green and red groups (highly collaborative vs. non—co-llaborative), and relatively
comparable success, suggest that there are quite different paths to successful completion
of group problem-solving tasks in the online environment. Nevertheless, the framework
provided an effective means for examining the nature of computer-mediated group
problem solving and revealing the presence and absence of collaboration, a process that is
essential for activating learning mechanisms such as assimilation and accommodation
and the construction of new knowledge.

The above findings introduce several implications for mathematics educators as
they develop computer-mediated collaborative problem-solving opportunities. The
issues are'grouped into three categories: (a) communication medium, (b) task features,

and (c) and group composition. The first consideration is the communication medium.
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Since communication is essential for collaboration, the communication medium is
undoubtedly the underlying factor affecting group process. Although the use of email
and chat rooms has become quite commonplace in today’s society, the level of
communication obtainable by online channels is quite different than face-to-face
interaction. Obstacles such as the difficulty of expressing mathematical notation aﬁd
mathematical thoughts with typewritten communication, and the inability to see the facial
gestures and cues of one another during online communication are clearly shortcomings
of computer-mediated communication. Additionally, an inadvertent consequence of the
benefits of flexibility of time and location brouéht by computer-mediated communication
is the decreased occurrence of whole-group meeting time. Although, the type of
compulsory meeting time that occurs in face-to-face environments is not the key for
-successful collabora:cion, without the communication that occurs during these méetings
no collaboration would be possible; this simple reason appears to be tﬁe cause of failure
for many online collaborative efforts. Lastly, computer-mediated communication
introduces an entirely new facet to collaborative problem solving, an already difficult and
complex process. This study revealed groups communiéating aimlessly, either failing to
connect with one another or struggling to get focused and remain focused both in terms
of commuﬂication and process. Even the most successful group in this study did not
appear to have a plan for collaboration and appeared to struggle to initiate collaboration.
This lack of direction and disjointédness appears to hinder groups from making progress
toward solution of a problem. This evidence illuminates a need for procedpres and

protocol for computer-mediated communication and online collaboration. Established
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guidelines and §uggestions for communicating, proceeding through the problem-solving
process, and collaborating online would be a valuable tool for assisting groups in
initiating and maintaining focus and effective team efforts toward problem solving.
However, this will require additional research to determine what procedures and
techniques are most effective for online collaborative problem solving.

The effects of collaboration also vary according to task. For example, some tasks
are naturally distributed and lead group members to work independently. Interaction
occurs when assembling partial results, but not during each individual’s reasoning
process. While this may lead to group success in solving the problem, it does not activate
the mechanisms such as conflict or disagreement, self-explanation, and mutual
regulation, which .account for the successful knowledge acquisition through
collaboration. Thus, optimal tasks must include features such as adequate difficulty that
require group members to interact on a continual basis, reason together, regulate the
thinking of other group members, and work towards a mutual solution. Even with these
features, however, tasks assigned for completion in the online medium will undoubtedly
be more prone to distribution an'd independent work. For this reason mathematics
~ educators ﬁust find additional ways of dcsigniné‘ tasks or procedures that will necessitate
continual interaction thrdughout the entire problem solving process.

The final issues rglate to group compositic;n. This study reveals the confusion and
exclusion of members that can occur during synchronous dialogue even within small
groups such as those in this studj Perhaps it was the odd number of members (three per

group) that created this confusion. Ifthis was the case, groups of four may be more
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successful. Additionally, techniques such as “think, pair, and share,” in which group
members communicate in pairs prior to sharing their ideas with the eﬁtire group, might
solve the problem of the lack of structured communication amongst larger groups.
Nonetheless, the matter of optimal group size will need further investigation. The other
issue related to group composition concerns the roles of individuals within groups. This
study provides anecdotal evidence that the existence of leadership, formal or informal, is
beneficial to the functioning of the collaborative group. Assuming that this is so,
collaborative groups will certainly benefit from some type of role assignment, especially
that of a leader. Additional role assignments, such‘as those used sﬁccessfully in face-to-
face collaborative problem solving are also in order. It is possible that with these
assignments issues of group size may become less significant.

In the end it is difficult to say whether any one variable has greater influence on
computer-mediated group collaboration and mathematics problem-solving success. The
participative, social, and interactive behaviors of collaborative problem solving are so
interconnected and interdependent that any simple cause-effect analysis distorts more
than it illuminates. Additionally, while task features and group composition are intended
to influence participation and interaction, the behavior of a group is still subject to human
nature and the dynamics of individuals within that éroup. Indisputably, participation is a
primary requirement, and which without there would be no interactions. However,
devoid of thoughtful and organized task related interactions, communication is confusing

and participation fruitless. Cﬁanges in one part lead to changes among all parts and the
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system itself. The following analogy by Gharajedaghi and Ackoff (as cited in Patton,
1990) demonstrates the intricacy of this collaborative system remarkably well:

Because the effects of the behavior of the parts of a system are
interdependent, it can be shown that if each part taken separately is made
to perform as efficiently as possible, the system as a whole will not
function as effectively as possible. For example, if we select from all the
automobiles available the best carburetor, the best distributor, and so on
for each part required for an automobile, and then try to assemble them,
we will not even obtain an automobile, let alone the best one, because the’
parts will not fit together. The performance of a system is not the sum of
the independent effects of its parts; it is the product of their interactions.
Therefore, effective management of a system requires managing the
interaction of its parts, not the actions of its parts taken separately. (p. 79)

In conclusion, mathematics educators must bear in mind the ‘abo.ve quote and the
findings of this study when attempting to design effective collaborative problem solving
opportunities for students. Simply improving participation or increasing interactions is
unlikely to create effective collaborative group‘s. Instead, we must take a closer look at
the many elements in the collaborative system and work' to improve the product of their

interactions so. that groups can perform as efficiently and effectively as possible.

Remarks and Suggestions for Future Action

It must be noted that while the goal of this study was analyze the educational
quality of conference interactions the intention was to do so by looking at the types of
interactions, and how and when they occurred. Therefore, the content of the interactions
was not analyzed for correctness, quality, or value. Moreover, this study attempted to
take a objective look at the process of online collabloration problem solving without the

knowledge of why students participated or failed to participate, their likes or dislikes in
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terms of online learning, or of their opinions or self-described experiences. Therefore no
subject interviews were conducted.

While the researcher was unable to conclude that the analytical framework
developed for this study is a valid predictor of problem-solving success, it does provide a
reasonably objective and unambiguous means for dealing with the abundance of
information contained in computer-mediated dialogue and fbr interpreting the elements of
meaning that .have éigniﬂcance for the learning process. The researcher not only suggests
continued use of this framework for future studies of computer-mediated collaborative
mathematical prdblem solving, but also suggests using the interaction analysis instrurﬁent
to provide feedback for problem solving groups, to monitor, control and improve group
progress. |

The researcher also proposes several suggestions for promoting more effective

collaboration and successful problem-solving groups based upon the findings of this
study. These recommendations are as follows:
~ 1. Groups should have requirements concerning the amount of participation and
the frequency of meetings, and the use of both asynchronous and synchronous
modes of communication should be mandatory.

2. Protocol and procedures for communication and collaboration should be
developed to give participants guidelines for effective communication within
the online medium, suggestions_ for exchanging ideas and interacting with one
another, and techniques for collaborating such as “think, pair, share.” These

guidelines would include appropriate uses for asynchronous and synchronous
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modes of communication, and strategies for problem solving as a group in the
online environment. |

3. Roles should be assigned to promote focused and smoothly functioning
collaborative groups (Johnson & Johnson, 1993, Kumar, 1996). Role
assignment caﬁ be as simple as designating a group leader, to assignments for
each of the participants, such as manager, recorder/checker, skeptic, and
energizer/summarizer. These roleé should be rotated. so that every group -
member benefits from assuming each of the roles.

4. Group size should remain as sméil- as possible to lessen the confusion and
exclusion created by lafger groupé, aﬂd so that all members are encouraged
and even obligated to participate.”

5. T.asks should be of adequate difficulty to prevent group members from
distributing responsibilities, working' independently, and then assembling
partial results. An additional suggestion is to separate the task into several
segments or format_i\}e tasks that would require all students to interact on a
contipual basis, reason to gether, and to regulate the thinking of other group

members.

Recomm‘endations for Future Studies

There is much more to learn about computer-mediated collaborative problem
solving and the similarities or differences that it may have with collaborative problem

solving in face-to-face environments. With the existing evidence, it is still difficult to
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coﬁnect what occurs online with existing knowledge of face-to-face collaborative
problem solving. ‘While it seems likely that similarities exist, perhaps the online medium
produces a completely different entity that cannot be compared or related to the face-to-
face process. This reinforces the imf)ortance of continued investigation into the procéss
of computer-mediated collaborative problem solving and particularly the use of content
analysis. Additional studies, which utilize this approach, and specifically the ahalytical
framework developed in this study, should be completed in order'tlo shed further light on
patterns of behavior, to assess the educational value of group interactions, and to provide
a measure for the elements of success or educational exchange within éﬁall groups
involved in computer-mediated collaborative mathematical problem soiving.
The researcher makes the following recommendations for future stlidies:
1. Several studies, in which varioﬁs variables related to the collaborative process are
altere(i or compared, are needed. Variations to the existing study should include:
a. Structure of Matef_ial and/or Exercises
" o Highly structured: work broken down into a relatively large number of
si)eciﬁc and detailed steps
~ o Moderately structured: statements or déscriptions of problem or major
part of problem; relatively little direction for solutions
| o Little structure: high level, but'precise statement of problem; guidance
for milestones, but little direction for how to proceed

o Open ended: gives statement of problem, with only final deadline
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o Unstructured: identifies options available, and leaves groups to
determine their own way |
b. Structure of Group and/or Collaborative Procedures
o Group member role assignment
o Think pair and share
c. Group Size
o Small: 2 or 3 people per group
o Moderate: 4 or 5 people per group
o Large: 6 to 10 people per group
d. Selection of Groups
o At Random: by student choice
o AtRandom: by instructor selection
o By ability: by instructor selection
n | Equal abilities together
= Stronger students hel‘p weaker ones
o By other factors: by instructor selection
u Méintenance of 'gender balance
. Combiﬂation of specific backgrounds
o ‘Groups may or may not change during the semester
A formal study to compare the participative, social and interactive behaviors of
individuals and groups restricted to the asynchronous or synchronous -

communication for collaboration problem solving should be completed.
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3. Ifpossible, the above studies should include a larger number of subjects so that
patterns can be ascertained, results may be generalized, and so as to establish the
validity of framework for problem-solving success.

4. A study that investigates the cognitive and metacognitive behaviors of
individuals in conjunction with the participative, social and interactive behaviors
should be completed. .

5. A study to analyze the role of, and positive or negative effects related to non-
interactive questions or remarks during online collaboration needs to be
completed. -

Finally, while this study provides a detailed picture of the behéviors of groups that
successfully collaborate utilizing computer-mediated communication, we are unable to
assume that learning is an automatic by-product of these groups. For this reason, future
studies should investigate the relationship between the participative, social and

interactive behaviors and individual learning and achievement.
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PROBLEM SOLUTION RUBRIC

Conceptual Understanding

1 point 2 points 3 points 4 points
Your ®  Your choice of Your choice of Your choice of
mathematical forms to mathematical mathematical
representations represent the representations representations
of the problem _ problem was " of the problem helped clarify
were incorrect. inefficient. was the problem’s
) appropriate. meaning.
You used the »  Yourresponse
wrong ' was not You used all You uncovered
information in completely relevant hidden or
trying to solve related to the information implied
the problem. problein. from the information
problem in ' notreadily
The v The your solution. apparent.
mathematical mathematical
procedures you procedures you The You'chose
used would used would mathematical mathematical
not lead to a lead to a procedures you procedures that
correct partially chose would would lead to
solution. correct lead to a an elegant
solution. correct solution.
You used solution. .
mathematical *  Youused You used
terminology mathematical You used mathematical
incorrectly. terminology mathematical terminology
imprecisely. terminology precisely.

correctly.
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Strategies & Reasoning

1 point 2 points 3 points 4 points
Your strategy The strategy You chose an = Youchose an
was not you chose was appropriate, innovative,
appropriate for not efficient. efficient strategy 1| elegant or
the problem. for solving the unusual

You used an problem. strategy for
You didn’t oversimplified solving the
seem to know approach to the You justified . problem.
where to begin. problem. each step of your

work. ' ®  Youproved
Your reasoning You offered your solution
did not little or no Your was correct
support your explanation of representation(s) and your
work. you strategies. fit the task. . approach was
valid.
There was no Some of your The logic of you
apparent representations solution was =  Youprovided
relationship accurately apparent. examples
between your depicted and/or
representations aspects of the Your process counter
and the task. problem. - would lead to a examples to
complete, correct support your

There was no You sometimes solution of the solution.
apparent logic made leaps in problem.
to your your logic that = Youuseda
solution. were hard to sophisticated

follow. approach to
Your approach solve the
to the problem Your process problem.
would not lead led to a
to a correct partially
solution. complete

solution.
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Computation & Execution

1 point 2 points 3 points 4 points
Errors in You made Your All aspects of
computation minor computations your solution
were serious computational were were
enough to flaw errors. essentially completely
your solution. accurate. accurate.

Your
Your representations All visual You used
mathematical were representations multiple
representations essentially were complete representations
‘were correct but not and accurate. - for verifying
inaccurate, accurate or your solution.

. labeled Your solution

You labeled completely. was essentially You showed
incorrectly. correct. multiple ways

Your to compute
Your solution inefficient your answer.
was incorrect. choice of

procedures

impeded your

success.
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Insights
1 point 2 points 3 points . 4 points
You were You recognized You recognized You created a
unable to some patterns important general rule or
recognize and patterns and formula for
patterns and relationships. relationships solving related
relationships. . in the problem. problems. !
You found
You found a multiple You found You related the
solution and solutions but multiple underlying
"then stopped. not all were solutions using structure of the
correct, different problem to
You found no interpretations other similar
connections to Your solution of the problem. problems.
other hinted at a
disciplines or connection to . You connected You noted’
mathematical an application your solution possible
concepts. or another area process to sources of error
of other or ambiguity
mathematics. problems, in the problem.
areas of
mathematics or Your
applications. connection to a
real-life
application

was accurate
and realistic.




Communication

1 point 2 points 3 points 4 points
I couldn’t * Thad to make I understood Your
follow your inferences what you did explanation
thinking,. about what and why you was clear and
you meant in did it. concise.
Your places.
explanation Your solution You
seemed to *  Your solution was well communicated
ramble. was hard to - organized and concepts with
follow in easy to follow. precision.
You gave no places.
explanation for Your solufion Your
your work. *  Youweren't " flowed logically mathematical
. able to from one step to representations
You did not sustain youx the next. expanded on
seem to have a good youx solution.
sense of what beginning. You used an
your audience effective format You gave an in-
needed to * Your for depth .
know. explanation communicating. explanation of
was ' your
Your redundant in " Your reasoning.
mathematical places. mathematical
representations ‘ representations
did not help * Your helped clarify
clarify your mathematical your solution.
thinking. representatio
ns were
somewhat
helpful in
clarifying
your

thinking.
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TECHNOLOGICAL EXPERIENCE SURVEY

-~ 'What is your age?

20 OR YOUNGER
21-30

31-40

41-50

51-60

OVER 60

AN W=

. “What is your gender?

1 FEMALE
2 MALE

. Do you own a computer?

1 NO (IF NO, PROCEED TO QUESTION 5)
2 YES

. Is your computer connected to the Internet?

1 NO
2 YES -

. Do you have access to a computer through your school?

1 NO (IF NO, PROCEED TO QUESTION 7)
2 YES

. Is there an Internet connection for that computer?

1 NO
2 YES

. How would you rank your experience with computers? -

NO EXPERIENCE

LITTLE EXPERIENCE
UNSURE OF EXPERIENCE
SOME EXPERIENCE
EXTENSIVE EXPERIENCE

ViAW =
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8. How would you rank your knowledge of computers?

NO KNOWLEDGE

LITTLE KNOWLEDGE
UNSURE OF KNOWLEDGE
SOME KNOWLEDGE
EXTENSIVE KNOWLEDGE

VB W N

9. Have you taken any distance learning courses in the past?

1 NO (IF NO, SURVEY IS COMPLETE) -
2 YES

10. How many distance learning courses have you taken?

1 ONE
2 TWO -
3 THREE OR MORE

11. In what types of distance learning have you taken part?

1 AUDIOCONFERENCING
2 VIDEOCONFERENCING
3 COMPUTER NETWORKING
4 OTHER (PLEASE SPECIFY)

Thank you
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MATHEMATICAL ABILITY

GROUP PLACEMENT INSTRUMENT

Which of the given numbers is farthest from zero?

(a) 1

(b) 4/3
(c) =312
@ -1/8
(e) 1/32

The first operation performed in simplifying the expression [-6 + 3(4)]272_-is:

(a)  division
(b)  addition
(c)  multiplication
(d  squaring

Simplify: 3a—[5b—4a]

(@ T7a-5b

() - —a-35b

() —15ab-124*
(d -15ab+124°
(&) —6a’b

Ifx/2 =y and y =z — 4 what is the value of x when z = 28?

(& x=12
(b) x=48
(c) x=24
(@ x=40

(¢)  none of these
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Find the value of [(3w)*/10](r+]) when r=-3, [ = -1/3, and w=-2.

(a)
(b)
()
(d)

(©),

3

0

12

-4

none of these

The least common denominator used to compute 1/6 + -7/15 + 1/4 is:

(a)
(b)
(©
(d)
(e)

60

360

20

4

none of these

Twenty-five is 12.5% of what number?

()
(b)
(©)
(d)
(¢)

2

3.125

200

312.5

none of these

At the canning factory, one machine can fill 180 jars in 15 minutes. How

many jars can this machine fill in 50 minutes?

(a)
(b)
(©
(d)
(€)

e

710
600
558
240
none of these
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True or false: [(8#+3¢) /] =11 for all nonzero values of ¢

(a) true
(b) false

Solve 4(k — 2) = (k/3) + 5. The solution is:

(a) less than -3

(b)  between-3 and 0
(¢)  between 0 and 3
(d)  greater than 3

Solve 5pq — 10p =74 for p.

(@ p=2q/-5

(®) p=7q/(59-10)
() p=(q+10)/5q
(d p=79/(g-2)
(e) none of these

Solve: 12>8 +2¢

(@ t>10
(b) <10
(©) t22

@ t<2-
(€) <=2
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Which statement is true regarding the two lines whose equations are:

(@)
(b)
(©)
(d)
€)

X-2y =4 and 2x+y =2

the lines are parallel

the lines are perpendicular

the lines coincide

the lines intersect at apoint on the y-axis
the lines intersect at a point on the x-axis

Which of the following graphs could have a slope of 3?
(Assume the scales on the x andy axes are the same.)
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15. True or false: 4* B> = (4B)’ for all values of 4 and B

(@) True (b) False

16. Multiply: (2-#)(5-37)
(a) -3+ 11— 10
(b) 3% —r—10
(c) 3+ 11r+ 10
(d) none of these

17. When completely factored, one of the factors of 94> — 4B is:

(a) 34 +4B ‘
(b) 94-2B - ’
(c) 34-2B : o
(d) 94 +4B

(e) The binomial cannot be factored.

18. A certain type of fencing requires a fence post every three meters. Mr. Rail’s ,
yard is 24 meters wide and 30 meters long. How many fence posts will be needed
to enclose all except the front length of his yard?

(a) 25
(b) 26
(c) 27
(d) 28
(e) none of these

19. Subtract and simplify: [1/(3-b)] - [1/(3+5)]

(a) 2b/(9-b%)

(b) -1

() 0

(d) 6/(9-b%)

(e) none of these
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20. Susie gets an allowance of $1.00 per week. Spends some of it and saves the rest.
The first weeks she saves 60 cents, the second week she saves 40 cents, but the
third week she only saves 20 cents. At the end of the fourth week, Susie has
saved an average of 45 cents per week. How much did Susie save the fourth

week?

(a) 40 cents

(b) 45 cents

(c) 50 cents

(d) 60 cents

(¢) Not enough information is provided to answer the question.
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APPENDIX D

PROBLEM-SOLVING TASK AND SOLUTION
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PROBLEM-SOLVING TASK AND SOLUTION

Numbers with Multiple Personalities

All numbers have personalities. In this problem, we examine the rectangular

- personalities of numbers. The rectangular personalities of a numiber N are the
rectangular arrays that can be formed from N dots. For example, the number 4 has one
such array as does the number 6, and 12 has two arrays. We shall assume that the 2-by-3
* array for 6 is not different from the 3-by-2 array because one can be formed from the
other by rotation of the figure. Also, we shall say that the number 2 has no rectangular
arrays because we will interpret the arrangement ** as a linear artay, not a rectangular
array. In fact, all prime numbers are like 2 in this regard; they do not have rectangular
arrays.

Question: Of all numbers less than 1 million, which has(have) the most rectangular
personalities? :

Hint: You might use the fact that the formula for the number of factors (tr1v1a1 & non-
trivial) of a natural number is as follows:

If the number N is broken down into the product of its prime powers like this: N
=pMp™. . Px', then the total number of factors is (n1+1)(ny+1)...(mit1).
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_ Solution. Numbers with Multiple Personalities

The chart below lists the composite numbers up to 50 along with the number of different
rectangular personalities. The winners for the largest number of personalities are the

numbers 36 and 48, with four apiece.

Number N Rectangular Number N Rectangular
Personalities Personalities
4 1 28 2
6 1 30 3
8 1 32 2
9 1 33 1.
10 1 34 1
12 2 35 1
14 1 36 4
15 1 38 1
16 . : 2 39 1
18 2 40 3
20 2 42 3
21 1 44 2
22 1 45 2
24 3 46 1
25 ' 1 48 4
26 | 1 29 1
27 1 50 2
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One may notice that the dimensions of the rectangles associated with a number are just
the nontrivial factors of that number. As can be seen for the number 48, the dimensions
come in pairs: 2x24, 3x16, 4x12, and 6x8. The product of each pair of numbers is 48.
The trivial factors 1 and 48 do not form a rectangular array. So the number of rectangular
personalities of 48 is half the number of nontrivial factors. Things are not quite as simple
as-this for 36, however. Notice that for the number 36, although the dimensions also
come in pairs, 2x18, 3x12, 4x9, and 6x6, one of the factors 6, is used twice. Thus for 36,
the number of nontrivial factors is odd, and to get the number of rectangular personalities,
one must add 1 to the nontrivial factors before taking one-half of the total. This is true
for all numbers that are perfect squares.

- . ( .
Now, use the formula for the number of factors (trivial & non-trivial) of a natural
number:

If the number N is broken down into the product of its prime powers like this: ‘N =
p1"'pa™ ... pi”, then the total number of factors is (ni+1)(ngt1)...(ne+1).

For example, 48 = 2*3'; 50 the number of factors is (4+1)(1+1) = 10. Now two of these
factors, 1 and 48, are trivial; so eight are nontrivial, one-half of 8 is 4 — this is the answer
we have already found.

The question about multiple rectangular personalities comes down to a question of the
quantity of factors of a number.

With some work one will find that we have three numbers all with 240 factors, 238
nontrivial factors, and 119 rectangular personalities. They are:

720,720
831,600
997,920

The above numbers have the most rectangular personalities of all the numbers less than 1
million.
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APPENDIX E

ANALYTICAL FRAMEWORK
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THE ANALYTICAL FRAMEWORK

DIMENSION DEFINITION

Participative The total contribution of an individual or group in terms of
number of messages or units of meahing transmitted

Social Statement/ question or part of statement/question not
related to formal content of subject matter

Interactive "Statement, question, or comment that receives response, or
that is made in response to other statements, questions or
comments

Heuristic Episode Phase in the problem-solving process such as orientation,

organization, execution or verification

DIMENSION 1: PARTICIPATION

CATEGORY DEFINITION INDICATORS
Overall Total number of learner messagesor ~ Quantitative data regarding
“units of meaning” the total number of messages

or “units of meaning” made

Task-specific Number of “units of meaning” made ~ Quantitative data regarding
by learners directly related to learning  the total number of “units of

meaning” related t6 the
formal content or process of

online problem solving

DIMENSION 2: SOCIAL

CATEGORY DEFINITION INDICATORS
Social " Statement or question not related to Self-introduction
formal content, subject matter or Greetings

collaborative process of the group “I'm feeling great...”
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DIMENSION 3: INTERACTIVE

CATEGORY

DEFINITION

INDICATORS

Interactive

Problem-Solving
Interactions

. Asking

Respon

questions

Of another
group member
From own
thinking or
working

From the
problem

ding .
To a question
To a request
for
clarification
Agreeing
Disagreeing
Repeating

Directing

" Explaining with

evidence

Thinking aloud while

working

Proi:osing Ideas

Refocusing discussion

Commenting

" Any statement, question, or

comment that receives response, or
that is made in response to other
statements, questions or comments

Interactive statements, questions or
comments related to the formal
content or process of problem solving

Any question that is asked in
response to a previous statement or
question, or that is followed by one or
more responding statements or
questions.

Any statement that is made in
response to a previous statement or -
question. '

Any statement providing directions
Any statement providing an
explanation with evidence

A statement exhibiting one’s
thoughts, actions or processes while
working

Any statement proposing an idea
Any statement refocusing the

direction of the discussion

Statements of an affective nature

“Ted, what exactly do you
mean by add?”

“Do I multiply or divide by 7
now?” ‘

“Split 20 students into 5
groups. Must the groups be
equal in number?”

“(in response to above
question) I would multiply by
7.

“I meant that 7 is a prime
number.”

“I agree with Jim's opinion...” -
“You're wrong!”

“1 said 8 goes here.”

“"Make sure that we added
correctly.”

”It’s 3 because you invert and
multiply.”

“Now I will multiply the five
numbers together...”

“What about separating them
into two groups Jill?”

“That's what we're supposed
to be doing.”

“I don’t understand this
problem!”
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Other Interactions
(Technology & Online
Group Process
Related)

Interactive questions, statements or
comments related to the use of the
technology, or to the process of online
collaboration.

“I couldn’t get online
yesterday.”

“Let’s discuss this online
tomorrow at 4 o’clock."

Non-interactive

Any statement, question or comment
relating to'the subject under
discussion, but which is not in
response to another message, and
which does not lead to any further
statements

DIMENSION 4: HEURISTIC EPISODE

PROBLEM-SOLVING DEFINITION INDICATORS
STAGE
Orientation Strategic behavior to assess and »  Comprehension strategies
understand a problem = Analysis of information
and conditions
v Assessment with
familiarity of task
u  Initial and subsequent
representation
»  Assessment of level of
difficulty and chances of
success
Organization Planning of behavior and choice of = Identification of goals and
actions subgoals
= Global planning
*  Local planning (to
implement global plans)
Execution Regulation of behavior to conformto =  Performance of local
plans . actions
"  Monitoring of progress of
local and global plans
= Trade-off decisions (e.g.,
speed vs. accuracy, degree
of elegance) '
Verification Evaluation of decisions made and of =  Evaluation of orientation

outcomes of executed plans

and organization
>  Adeanacv of
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Tepresentation

> Adequacy of
organizational
decisions

» Consistency-of local
plans with global
plans

> Consistency of global
plans with goals

.®  Evaluation of execution &
.outcomes

» Adequacy. of
performance of
actions

> Consistency of
actions with plans

> Adequacy of local
results or final results

» Consistency of local
results with plans and
problem conditions

> Consistency of final
results with problem
conditions
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APPENDIXF

MATRIX FOR MESSAGE ANALYSIS

\
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MATRIX FOR MESSAGE ANALYSIS
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APPENDIX G

SAMPLE
MESSAGE TRANSCRIPT
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SAMPLE :
MESSAGE TRANSCRIPT

Archive for Jul 12, 2001

Karen has entered. [ 03:43:54 PM ]
Karen > hello
Karen hasJeft. [ 03:46:56 PM ]

Karen has .C‘ntercd. [ 03:50:24 PM ]
Karen >hi .
faren has [eft. [ 03:58:03 PM |

Karen has cntered. [-03:59:39 PM ]
Karen hasleft. [ 04:01:05PM ]

Peter has entered. [ 04:22:13 PM ]
Peter >Hi
Peter hasleft. [ 04:22:59 PM ]

Karen has euntered. [ 04:56:09 PM ]

Peter has cntered. [ 04:58:44 PM ]

Peter >Hi

Karen > hello

Karen > I still don't understand the problem

Peter >1Idon't either _

Peter >1I was hoping that you could explain

Karen >Iknow that prime numbers do not have rect. arrays
Karen > So we need to look at the composite numbers

Peter > that was stated in the problem

Karen > but, how can we find all consecutives comp031te numbers
Peter > do you understand the formula thats given?

Peter > that is the question that if answered will win the lottery
Karen > p= prime numbers

Peter > ok

Karen >n = any pes. numbers

Karen > but then how do we apply the formula?

Karen > do we need to multiply the prime numbers?

Peter > itis the same method of calculating each stage

Karen > p increases every time

Peter >1I think so

Karen >Idon't know what else to do

Karen > N=number of factors

Peter > if you look at the formula, you keep adding the next n, and then multlply itby
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the previous answer
Karen > Do we need to find the number of factors for each composite number?
Peter > we just lost some of the discussion o
Karen > what?
Karen > Ifpl = a prime number, can we start with the smallest prime number?
Peter > what are the prime # from one to 1 million?
Karen > We need the primes or the composite numbers?
Peter > It is stated that prime # do not have rectangular personalities
Karen > Because, prime numbers are easier to get
Peter > sorry array
Karen > Peter, we don't need the prime numbers, they don't have rect. arrays
- Erin has entered. | 05:12:48 PM ]
Erin > hello group
Karen > hi
Karen > HELP
Erin > hi Karen, Hi Peter
Peter > hi. I agree
Erin > ]et me see your previous
Karen > ok
Erin > 1 do not know guys, but this is a difficult problem
Karen > What we need to do first, is find all the composite numbers, then find the
factors of each number
Erin > lets just work first with whatever we understand
Erin > you are right..
Peter > Look at the formula at the bottom of the page
Karen > but how do we do that?
Erin > but we also nedd to find a formula, because million numbers are too much
Erin >ok
Peter > Define composite # so we can agree on what we are looklng for
Erin > lets look at the formula
Erin > N—p1p2’\n2 pkn
Erin > help me in determining what each means
Erin > 1 do agree that we have to find the number ,composite, that has. the greatest
number of factors
Karen > I'm trying to find something
Peter > nis the product of all the # that are applicable from 1-1,000,000
Erin > it can not be a prime number
Karen > Why not?
Erin > whatis p?
Peter > because it does not have rectangular personality
Erin > because prime niumbers onlu have 1 rectangular personaluty
Erin > ameaning only one set of factors
Peter > ok
Karen > Isn=to prime numbers?
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Peter >no

Erin > isto any number

Erin > right?

Karen > Because it says, that N is broken down into the product of its pnme powers
Erin > which i guess it is just an example o its prime numbers

Erin > sorry

Erin > itis just an example of its factors

Peter >nis the the total of all the composite #s from 1-1,000,000

Erin > ]Jsp+ factors?

Erin > p=factors?
Karen >no _
Karen >itcan'tbe

Erin >and 1 next to the p the power of the exponent?

Erin > so is p=product?
Karen > ]l be back Peter only 5 minutes

Peter > Let us agree on the terms first, then we can continue

Erin >iagree-

Peter > aprime # is a whole # graeter than 1 whose only factors are 1 and itself
Erin- > correct

Erin > we need to find the factors of composite #

Peter > right

Erin > and we need to find the # less than a million that has the greatest # of factors
Peter > so the best way to do this is to go through it step by step
Karen >i'm back

Peter > what is the highest composite number that is less than 1,000,000

Erin > yeah but that is a whole lot of numbers, 1000000
Karen > p has to be prime numbers, because every integer can be written as a product
of powers of prime #s

Erin >minus the prime, of course

Peter > is it 999,000,999

Erin >ican agree to tjahat
. Erin > to that

Erin >how did u get that #?

Peter >itis 1 lessthan 1,000,000, and it is a composite #

Peter > hello
Karen > we are thinking

Peter >Ican hear you
Karen >no you not

Peter > think

Peter >but how do we use the formula to find the total # of factors

Erin > let me think for a couple 6f minutes...i am looking at the end of the page to:
(n1+1)(02+1)...(nk+1), this is how you find how many factors a # have

Erin > let me think

Erin > Ithink this means that after finding each prime with its exponent, we need to
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follow the formula that I'just posted...correct me if i am wrong?

Erin > but how are we going to sove for something loke this 48 which is equal to
2A4%39999

Peter > but how will prime #s help when they don't have rectangular personahtles?
Erin > the prime the talk about is like #7

Erin > it only have 1*7

Erin > but all the composite numbers will be broken down into prime numbers
Peter > 1 know, but it is stated that prime #s do not have this quality

Peter > how

Erin > I think we first have to practlce findind the personalities of some simple #,
before we move on to more complex
- Peter > give me an example

Erin > example #48 is a comp031te #, its factotization is = 24 *3

Erin > the 2 to the fouth power and the 3 are prime #s

Erin > but the # we started with is not, 48

Peter > very good
Karen > ok -

Peter > so will we have to do this to all composite#s ?
Karen > there are 74 composite numbers from 1-100
Karen > I don't think we can do thatlike that

Erin > What do u think about the rectangular arrays...I think that that is how many
rectangles-can we form with a given #, ....Am I righT?
Karen > yes

Peter > what is a rectangular array?

Erin > so for example with #6, we can do 2, 2*3 and 6*1, right?
Karen >no ‘

Erin > why not?
Karen > you can't make a rectangular array with 6*1
Karen > that's a linear array

Erin > ok, because it isa linear

Erin > gotit,s0 6 only havre one

Karen > the numberr six has four factors

Erin > it is how many rectangles you can form with a glven #
Karen >1,2,3,and 6

Peter > thank you

Karen >sorry1,2,3,6

Karen >1,2,3,6

Erin > ok, but since we do not use 1 and 6, it means that it only have one rectangular
array, correct?

Karen > so we don't count 1 and 6 as part of an array

Karen > correct

Peter > why not 6?

Karen >...




185

Karen >IM SORRY

Erin > ok, so I guess we need to find out which number has the greates number of
rectangular arrays

Karen >yes

Karen > with the number 6 make a 2 by 3 rectangle, that's the only rectangle you can
make

Erin > Peter, because if the number is 6, and what other number you nedd to multlply
it times six to have a product od 6?...1 is the answer so the rectangle will be 1*6...but 1f
we use one, that is linear and not a rectangular

Erin > gus, give me acouple minutes, let me digest this

Erin > the question

Karen > factors of 6 are ( 1, 2, 3, 6) don't use 1, 6 you have (2, 3) left only two factors 2
factors/2 = # of rect arrays

Karen > =1 only one rect. array can be made from the # 6
Karen > the same thing with the # 12. Factors (1,2,3,4, 6, 12) total of 6 factors take
away 1, 6 you have 4 factors left. Divide 4 by 2 = 2 rect. arrays -

Peter > please explain what you just did Karen

Erin >1think u are right Karen -

"Karen >I'mright

Karen >Ijust don't know a formula for that, and it's 1mp0ss1b1e to do that for all
composite numbers

Erin > so, lets see how can we find that #
Karen > let's do it for 1-100 first

Erin > There must be a way so that we do not have to go through all those #

Erin > ok

Peter > Am 1 a part of thls discussion ?
Karen >Iknow
Karen > Yes youare
Karen > What's your question?

Peter has left. [ 06:07:36 PM ]
Karen > Erin, heleft, is he mad?

Erin > i do not know, maybe he got disconnected
Karen > are we looking at the first 100 #s? Maybe we will find a pattern

Erin >Karen, what do you think if w3e work on the first 100 on our own, and come
back and compare to see if we can come up with a formula, by looking at the pattern
Erin >sofarIamup to 15

Karen > ok

Erin > Karen, what about 16, how many it has, because 4 *4
Karen > that's notrect

Erin > why?
Karen > because is a square

Erin > but squares are special kinds of rect

Erin > tectanglestright angles

Erin > rect=right angles
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Karen > ok _
Karen > you'reright
Erxin > are you sure?
Karen > yes
Erin >ok
Karen > Erin are you there?
Erin >yes
Karen > this is too much...
Erin >yeah
Erxin > 53 is prime?
Karen > I don'tsee any pattern
Karen > yes
"Erin >neitherdoI
Erin > there must be a way
Karen > 36 and 100 have 4 rect arrays
Erin > i do not think it is posible for anyone to sit and look for thls # one by one
Karen > Do you have something greater than 4?7

Erin >no
Karen >I'm notdoing this, let's do some research first, there has to be a formula for
this. :

Erin >where is Peter?

Erin >iagrre

Erin > agree _
Karen > 1 called his house, but there was no answer
Karen > I think he is mad

Erin > why do you thuink he got upset?
Karen > because he said, he was also part of the conversation
Erin > he has to support us...3 is better than 2

Erin > did not see that?
Karen > butiwas talking to both of you

Erin >iknow :
Karen > go up so you can see it

Erin > we were talking a

Erin >ok

Erin >1isaw it, but we were all talking

Karen > Erin, let's find more information about this, and then we log in tomorrow
Karen >do you agree?

Erin > Karen, 1 agree, lets do some research and get back,,,when is it good for you?...1
know you have to study for the test

Karen >IfI find something I will put it on the discussion board
Erin >iwill do the same

Karen > tomorrow is good, tell me the best time for you
Karen > not early in the morning please

Erin' > so see you ...lets see if we can take this bull by its horn!
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Erin > any time
- Karen > tomorrow at 3:00
Erin > ok
Karen > call Peter
Erin > ok
Karen >bye
Erin > bye
Karen hasleft. [ 06:40:59 PM ]
Erin hasJeft. [ 06:41:15 PM ]

Erin has entered. [ 06:57:43 PM ]
Erin has left. [ 06:57:45 PM ]

Archive for Jul 13, 2001

Karen hasentered. [ 02:55:01 PM ]
Karen hasleft. [ 02:55:17 PM ]’

Karen Dasentered. [03:00:46 PM ]
Karen > Peter, I'll be right back
Karen hasleft. [ 03:03:00 PM ]

Peter has entered. [ 03:06:51 PM ]

Peter > hi
Karen hasentered. [ 03:19:49 PM ]
Karen > hi :
Karen > Ok, whatlet's start

Peter > Ihjave ten minutes
. Karen > sorry

Peter > how far did you guys get

Karen > the first important thing is that the number of rect. arrays can be formed by the
# of divisors the # has

Karen > for example, the # 6 has 4 divisors

Karen >123,6

Peter > ok ‘

Karen > and if you express 6 as a product of pairs you get

Karen > 1%6

Karen > 6*1

Karen > 2%3

Karen > 3%2

Peter > ok _
Karen > we have to discard any product that has one in it because that is considered a
linear array ' '
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Peter > so we have 4 rec. arrays?

Karen > futhermore, 2*3 and 3*2 are just rotations of each other
Karen >so we only have one rect. personality

Karen > or one rect. array

Karen > is the same thing

Karen > questions? '

Peter >so 3*2 is the only rec. array?

Karen > 30, on the other hand has 3 rect. personalities; 2*5, 3*10, 5%6
Karen > yes that's the only one in the #6

Peter > ok ' :
Karen > sonow we need to look at the formula

Peter > can we use the formula to work this out?
Karen > the formula is for the # of divisors -a number has
Karen >so I think we can use that formula

Peter > so how do we find the arrays
Karen > let me look for the formula
Karen >why do you have to go? is getting interesting
Karen > Ok :

Peter > in about 10 minutes
Karen > p represents a prime # and
Karen hasleft. [03:31:30 PM ]

Peter > could we login back at about 4:15

Peter has lefi. [ 03:34:07 PM ]

Karen has entered. [ 03:35:33 PM ]
Karen >hello

Karen has entered. [ 03:51:30 PM ]
Karen hasleft. [ 03:51:37 PM ]
Karen has entered. [ 04:18:40 PM ]
Karen haslefi. [04:21:33 PM ]
Karen has left. [ 04:21:33 PM ]

Erin has entered. [ 11:58:17 PM ]
Erin has left. [ 11:58:26 PM ]

Archive for Jul 14, 2001

Peter has entered. [ 09:55:27 AM ]
Peter > welcome to math pro
Karen has entered. [ 09:57:57 AM ]
Karen >hi Peter

Karen > Did youtalk to Erin?
Peter >1iwas outand i forgot
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Karen > 1Isaw in the discussion board that she is having problems to get into the v.
classroom

Karen > Do you know how to find the rectangular arrays?

Karen > Aswe did yesterday

Peter > so we are going to have to go on without her then post it on the dlscussmn
board for her.

Karen > ok

Peter > using your theory we can do it , but it would take a very long time
Karen > ok, let's try the formula

Peter > At least I now understand. Thanks to you
Karen > (nl+1)(n2+2)...

Peter > ok

Karen > the# 6 has 2 and 3 as its prime factors

Peter > therefore it has 1 rec. array

Karen > nl=the first prime power so it will be =1
Karen >n2=1

Karen > (1+1) (1+1)=4

Peter > sowhat does the 4 represent?
Karen > 4/2, because there are numbers that are rotations of each other like 2*3 and
3%2

Karen >4/2=2
Karen > know, we need to subtract 1 because we have to discard any product that has 1
init
Karen >2-1=1
Karen > The answeris 1 :

Peter >Iunderstand the calculations, but why N1&n2 are both 1

Karen > because the prime factors are 2 and 3
Karen > and you are only repeating 2 one time
Karen > 3 one time

Karen > so the exponents of 2 and 3 is one

Karen > if the prime factors were 2, 3, 3, then

Karen > the exponents wer 1, 2

Karen > nl will be =1

Peter > sonl is prime factor 1& n2 is prime factor2

Karen >n2=2

Karen > gotit?

Karen > It depends on how many times the number is repeated in the prime
factorization

Karen > Peter?

Peter > yes.just one question look on the formula

Karen > take out a pen and let's work it together

Peter > thats is what i am doing

Karen > lets find the prime factors of the # 18

Peter > (nl+1)(n2+2)
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> ok

>but you had (1+1)(1+1)

>I'm doing 18 now

> before I did #6

> which are the prime factors of 18?

> yes. But why wasnt it (1+2) for the second part?

>0, 3,9,1

>and 2

> because you can't put the number, you have to use the power
> ok

> just take the prime numbers

>23,1

> ok? . -

>18......... 2*9 (2 is a prime #, so you have 9 left) 9= 3*3 you are finish because 3

is also a prime #

Karen
Karen
Karen
Karen
Karen
Peter
Karen
Peter
Peter
Karen
Karen
Karen
Peter
Karen
Peter
Karen

> 50 your prime factorization is 2, 3, 3.

> 1 is not a prime #

>now, nl=2

> sorry

>nl=1 (because you only have 1 #2)

> ok

>n2=2 (because you have 2 # 3's)

>you are a genius

>so0 if we had a third factor it would have been n3

> if you get 2,2,2,2,3,3 as an answer then nl will = 4 and n2=2
> If you a third factor =n3

> are you ok, now?

> very good teacher

> thank you

> so what would be the rec. array.3?

> now that we know how to work with the formula, we need to find a # whose

exponent will give us a # less than 1,000,000

Karen
Karen
Karen
Karen

Peter
Karen
Karen
Karen

Peter
Karen
Karen

Peter

> and the most rect. arrays

> 50, let's start with the lowest prime #

> the smallest prime # is the #2

> right?

>yes. Because you have taught me that 1 is not a prime#
>Very good -

* > I know(and you should know) that 2720 = 1,048,576

> that's more than 1,000,000

> yes

> so my exponent should be less than 20
>let's try 2719

>maybe 18
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Peter
Peter
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Karen
Peter
Karen
Karen
Peter
Peter
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> ok

> 2719 =524,288

>1i am getting my calculator

> in this case p(1) =2

>n(1)=19 ‘

> yes

>and N = 524,288

> os far so good

> 50 _

> to get the total of factors I go back to the formula (nl1+1)
> TF=19+1=20

> # rect arrays = TF/2 -1

>20/2-1=9

> so this huge # only have 9 rect. arrays

> that's the way we do it
> you just lost me. I htoiught it would have been

> what about n+524,288?

> what happened/
> n=>524,288.what do we do with that

> remember, we are using the exponents of the factors
> Is capital N

> we have n and N _
> 50 we substitute the number with the exponent?

> N= the number that we found
> cleary understood young lady

>2719=1524,288
> 50 20 is the answer.

> 2=p(1) 19=n1 and 524,288 =N

> 20=the # of divisors or the # of factors that 524,288 has
> sorry

> go on ,

> now to find the rect. arrays we need to divide the # of factors in this case 20 by

> Why do we divide by 27

>77?

> Because there are numbers that are rotations of each other
> remeber 2*3 is the rotation of 3*2
> Got.

> we are repeating the same rectangle
> and why do we subtract 1?7

> so, when we divide 20/2 =10

> now, we need to subtract 1

> why?

> why do we subtract 1?
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Peter > the suspence is killingme

Karen > because we need to discard any product that has one in it, because that is
considered

Karen > alinear array

Peter >wow

Karen >10-1=9

Peter > excellent

" Peter > so the answer is 9

Karen > the # 524,288 has 9 rect. arrays

Karen > gotit?

Peter > very clear

Karen > but,

Karen > this is not quite right for all the numbers

Peter >ohno

Karen > because this doesn't work for the numbers that are perfect squares
Karen > example 36 has 6*6

Peter > so what do we do now?

Karen > 6*6 will not produce a rect array

Karen > that's consider a square array

Karen > but there is nothing we can do with those numbers

Karen > because if we also take one more out for the’ number 36

Karen > the answer will not be an integer

Karen > it will be a decimal _

Karen > sol think, we have to keep that and at the end just round our answer
Peter > You taugt me well, now you are confusing me.

Karen > are you following me?

Karen > This is just a clarification

Peter > painfully so

Karen > we are not going to do anything w1th the perfect square numbers’
Karen > is just for you to know

Karen > and son't tell me you are painfully listening to me

Peter > or just for you to tortue me

Karen > shutup

Peter > that is not nice

Karen > be quiet then

Peter > so the answer is still 9 _

Karen > soknow what we do? yes the answer is 9 for that particular #
Karen > we need Erin

Karen > let's try 2718

Karen > do you have your calc »
Peter > 1 think you have done an excellent job, and you should explain it and send it to
Dr. Gaston

Peter > ok

Karen >but we don't have the answer yet
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> I understand

> so lets go on

>2718=262,144

> yes

> can we mult. that # by any prime # and still get less than 1,000,000?
>2

> if we mult. by 2 we will be back to our previous #
>or3 '
>doitby3

> 786,432

> ok

> we can't mult that # by 2

> it will be greater than one million
> ok

> so in this case n1=18

>n2=1

> because we are mult by 3

> and 3 has 1 as an exponent

> ok

>N=2/18%3 = 786,432

> ok

>now how do we get the factors again? .
> got it '

> (n1+1)(n2+2)

> (18+1)(1+2)

>1am trying to get Erin

> I made a mystake

> (nl+1)(n2+1)

> (18+1)(1+1)

>(19)(2)

>=38

>38/2=19-1=18

> rect. arrays =18

> Erin cannot login

> what happened?

> can she read our discussion/
> her internet is not working
> ok

> so she has to use her boyfrind's own
> and he is not home

> oh God!

> lets not get dramatic now
>jaja

> english please
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Karen > read what I got for that big #

Karen > does it makes sence?

Peter > 18

Peter > It is logical, but why did you X the factors by 2
Peter >3 of factors

Karen > Ithink we need to try some more and see if we find a pattern
Peter > # of factors. sorry

Karen > where?

Karen > let's do it tgether

Peter > (18+1)(1+1)
Karen > we have 218 *3, is that clear?

Peter > yes
Karen >nl=18
. Karen > right?

Peter > yes
Karen > n2=1
Karen > yes?

Peter > yes ‘
Karen > formula (nl+1)(n2+1)
Karen > (18+1)(1+1)
Karen > (19)(2)
Karen >=38
Karen > are you ok?

Peter > did we do this when the exponent was 19?
Karen > yes darling
Karen > don't you remember?
Karen > that the answer was 20
Karen > then we /2 and subtract one

Karen > that's how we got 9

Peter > so it would have been 40/2-1=19
Karen > where you get that 40 from?

Karen > we only hadnl

Karen > we didn't have n2

Peter > (19+1)(1+1)=40
~ Peter > ok, ok

Karen > in this case we have n2 because we are mult by 3

Karen > and 3 has an invisible exponent 1

Peter > ok

Peter > soletus moveto 17

Peter > let me try and do this one
Karen > so do you agree that the answer for 2718*3 =38/2-1 =18
Peter > yes

Karen > know 2717, you do it

Peter >2717=131,072
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>1 got tha

> 131,072 x7=917504
>27M7%7=917,504

> ok

> (17+1)(1+1)=36

> ok

>36/2-1=17

>rec array is 17

> ok
> right?

>yes

> so there is a pattern

> we need to make a table
>2719=9
> for exponents 2-19?

> what/

> I'm just going back to record our answers
> using exponents 2-19 so cover all the bases
> should

> I don't understand
>weused 19, 18, and 17

> ok
> shouldn't we keep going to 2
> what you mean?

Peter > where should we stop so as to estabhsh the answer

Peter >am i confusing you?
Karen >I don't know, I think we should work out all the # 2's
Karen > let'stry 216

Peter > with exponents 16, 15, 14, 13, 12, 11 10,..........

Karen > yes

Karen > and then check to see which one has the most rct arrays
Peter >youdo 16, and i will do 15

Karen >ok

Peter >yes

Karen > aul, when you're mult and you get a # greater tahn 500,000 stop, because you
can't mult any further

Peter >2715=32,769. 32,769x30=983070. (15+1)(1+1)=32/2-1=15

Karen
Karen
Karen
Karen

Peter
Karen
Karen

> I mean-Peter

> I don' think tha's right,
> because you X by 30
> 30 is not a prime #

> The pattern seems to be that after 19, the array will be = to the exponent

>i didn't get that
> you need to muly by a prime #
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Karen > mult
Peter > It does not semm to matter how much you multiply by, only that you can
multiply
. Karen > whatis 27157
Peter > 32768
Karen > ok
Karen > youpt 32,769 before :
Peter > after that it does not matter how much you multiply by. That may have been a
mistake
Karen >2715=32,768
Karen >32)768 *3 =98,304
Peter > ok
Karen > *3=294912 *3 = 884,736
Karen > 1ican't mult any more because the # is greater than 500,000
Peter > ok
Karen > ans.2"16*3/2
Karen > ni=16 n2=2
Karen > (16+1)(2+1)
Karen > (17)(3)
Karen >I'm sorry
Karen > iwas doing mines
Peter > continue
Karen > let's go back
‘Karen > youris 215 *3/3
Peter > yes
Karen >nl=15n2=3
Karen > (15+1) (3+1)
Karen > (16)(4)
Karen >64 .
Karen >64/2=32.
Karen >32-1=31]
Karen > we didn't get the same ans
Karen > Peter, are you there?-
Peter > It means that the one I did before that is incorrect also
Karen > which one?
Karen >2717
Peter > i am trying to find it now
Karen > it was 2°17, that one is correct, beacause you multiplied by 7 and 7 is a prime
number
Karen > inthis case 2”15 is not correct because you X by 30
Peter > but you use 3 then 3
Karen > 30 isnot a prime #
Karen > youcan do that
Peter > but that will make all the answers different
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Karen > do you know how to find the prime factorization?
Karen > let me try to do it in the blackboard or whlteboard
Karen >how do you write there?

Peter >1do not know .

Karen > can you see what I put there?

Peter >5,7

Karen > ok

Karen > that's a mystake

Peter >ok

Peter >some of what you wrote went off the screen and I did not get it
Karen > What I wrote was that 18 is not a prime # so we need to get the prime fact of
18

Peter > ok

Karen > Do you understand why the prime factors of 18 are 2,2,3,3?
Karen > and if you mult 2*2%3*3 =36

Karen ' > in this case
Karen >nl=2

Karen >n2=2

Peter > shoudn'titbe 2,3,3

Karen > why?

Peter > we are doing 18

Karen >Look up in the blackboard I started w1th 36

Peter > ok
Karen > so, this is the reason why you can't mult by 30
Peter >ok
Karen > we need to mult by prime #'s
Karen > Peter, we are doing the right thing, but I don't think we can finish this and the
other proyect by monday

Karen >I'm working plus

Peter > this one has to be posted tomarrow

Karen > tomorrow i'll be taking the CTS

Karen >I'l be there all morning
Karen >T'll be getting home by 2

Peter > what time later today can you lodin
Karen > Today I have to go study for my test tomorrow
Karen > can we keep working on the tables?

Peter > so we are gonna have to do it after your test then
Karen > and then compare our results
Karen > after we finish with p1(2)

Peter >yes
Karen > we have to do the same thlng for p(3)
Karen > but this time p3 is not going to have n1=19
Karen > because it will be greater than a million
Karen > we need to find another exponent
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Karen > ok :

Karen > then we do the same for 5 _
Karen > we don't do it for 4, because 4 is not a prime #
Peter has left. [ 12:00:30 PM ]

Karen > then for 7

Karen hasleft. [ 12:00:50 PM ]

Peter has entered. [ 12:00:58 PM ]
Peter has left. [ 12:01:12 PM. ]

Peter has entered. [ 12:13:25 PM ]
Peter hasleft.[12:14:03PM]
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APPENDIX H

SAMPLE
CODED TRANSCRIPT MATRIX
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SAMPLE

CODED TRANSCRIPT MATRIX
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APPENDIX I

: SAMPLE .
GROUP BEHAVIOR TALLY
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SAMPLE
GROUP BEHAVIOR TALLY
SYN%I:ICI)II(J)I;I‘:)US Total Orientation | Organization | Execution Verification
Number of Messages 371
Units of Meaning 366 34 - 27 23 12
Social 134
NC 24
Interactive | Non-Interactive | 205 27
Problem Solving 92 13 32 2 : 24 3 19 4 10 2
s  Questioning 27 4 11 2 8 0 7 0 1 2
= Responding 27 0 14 0 7 0 5 0 1 0
®  Directing 3 0 1 0 1 0 1 0 0 0
»  Explaining 0 0 0 0 0 0 0 0 0 0
= Thioking Aloud 24 5 5 0 5 2 6 3 8 0
= Proposing Ideas 3 1 0 0 . 3 1 0 0 0 0
= Refocusing Discussion 1 |1 1 0 0 0 0 1 0 0
= Commenting 7 2
Other 113 14
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APPENDIX J

SAMPLE
INDIVIDUAL BEHAVIOR TALLY
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SAMPLE

INDIVIDUAL BEHAVIOR TALLY

Shawn Total Orientation | Organization | Execution | Verification
Units of Meaning 131 9 6 5 3
Social 62

Interactive llfl‘lz;ac tive 59

Problem Solving 23 8 1 6 0 5 0 1 2
= Questioning 13 6 1 4 0 3 0 0 2
=  Responding 3 2 0 0 0 1 0 0 0
= Directing 1 0 0 1 0 0 0 0 0
=  Explaining 0 0 0 0 0 0 0 0 0
= Thinking Aloud 2 0 0 0 0 1 0 1 0
= Proi)osing Ideas 1 0 0 1 0 "0 0 0 0
o Refocusing Discussion 0 0 0 0 0 0 0 0 0
s Commenting 3

Other 36
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