


needed, grade student work, answer student questions, and help students to think more deeply about course
content. As part of the course, students had to learn to work as part of effective teams and had to complete a
team project. For this reason, developing better collaborative reasoning practices is a required part of the course
and the discussion activities count towards 25% of their total grade.

Research design

We used quantitative and qualitative analysis techniques to examine students’ collaborative processes and
learning over time, with teams as the unit of analysis. We used a 2 x 5 mixed factorial design, with Condition
(two levels) as a between subjects factor and Time (5 levels) as a within subjects factor. The quality of processes
between groups was assessed using content analysis techniques. Team process measures at the first time point
were used to identify groups’ initial strengths and weaknesses.

Participants

Thirty-seven online students formed the participants of the study, each belonging to one of 13 groups. Eleven
students (30.5%) were female and 25 students (69.4%) were male. The female to male ratio was fairly
representative of the enrollment of information sciences and technology courses at this college. The groups were
formed with consideration to availability for online group meetings, gender, expertise in information sciences
and technology, and employment status. Groups were assigned to condition A, future thinking, or condition B,
evidence, such that the groups in each condition were comparable. There were five females in condition A, six
in condition B. Seventy-one percent of participants in condition A were in the 25 - 44 age range; 75% were in
the 25 - 44 age range in condition B. With regard to group composition, there were five teams of three and one
team of two in condition A; six teams of three and one team of two in condition B. In condition A, 66.7% of the
teams were majority male compared to 71.4% in condition B. Neither group had all female teams. Of those that
reported work hours, 91.6 % reported working full time in condition A; 90% reported working fulltime in
condition B.

Instructional activity design and implementation

As part of the course, students were required to read a chapter from the required text or supplementary materials
each week. The pervasive practice for holding students accountable for readings in other sections of this course
is requiring students to take multiple choice quizzes, but we wanted to provide opportunities for collaborative
discourse. For this reason, students were assigned to teams in weeks three through five and in weeks six, eight,
ten, twelve, and fifteen, we replaced required multiple choice quizzes with graded, synchronous discussions
about reading content. On weeks when students had to complete the collaborative discussion, students had to set
a meeting time with their teammates, and individually complete a pre-discussion activity and review the
discussion session materials before the meeting. In session one, teams received full credit for the discussion
regardless of the discussion quality. After the first session, students were given initial assessments and told that
the subsequent discussions would be graded based on discussion quality.

The pre-discussion activity

We created a pre-discussion activity to help students organize their thinking around the required readings. The
activity consisted five questions: (1) what were the main learning goals of the chapter, (2) what was the most
difficult concepts or parts of the reading, (3) what did you find most interesting, (4) what four questions could
you ask yourself, the authors, or others regarding this chapter, and (5) were you able to fully meet the learning
goals for this chapter. Students had to respond to these questions and submit their responses before their
discussion session.

The discussion materials

The discussion materials, housed in the LMS throughout the course duration, included a group process rubric
detailing how we would assess discussion quality. We also provided students with guides containing goals and
strategies associated with different collaborative capacities including information synthesis and knowledge
negotiation.

The discussion sessions

The discussion sessions were held in a professional collaborative workspace with chat and document sharing
capabilities. Use of video during discussion sessions was not allowed for two reasons: (1) many of our students
lack access to high-speed Internet and (2) use of video would likely degrade chat quality. Each team had an
assigned space that they could log in to and maintain for the duration of the course. Students were required to
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export their chat files after completing the discussion sessions. The exported files had to be submitted to a drop
box folder in the LMS.

There were three parts to the discussion session, each with a different allotted amount of time for
completion. Students were advised to spend no more than 1.5 hours to complete the entire three-part session. In
part one, the team had 60-minutes to discuss questions and issues raised by the pre-discussion activity. Each
team was also required to create and submit an outline of their discussion. In part two, the team had 15 minutes
to individually assess the quality of their discussion session using the provided group process rubric, without
communicating with other members. We informed students that an expert rater would assess the quality of their
discussions and that we would determine the accuracy of their scores based on the difference between their
scores and the expert score. The instructions stated, “it is more important to be accurate than it is to say your
team did well. It will not help your team at all to give yourselves high scores. It is better to be critical, as this
will help your team improve.” Students were required to submit their individual assessments to a drop box in the
LMS before moving on to part three. In part three, the team had 15 minutes to discuss how each team member
assessed the team, identify their strengths and weaknesses, and select strategies from the materials provided that
they could use to improve their collaborative discussion processes.

Assessment of collaborative discourse quality

We designed an assessment for determining the quality of online discussions by adapting a video-based
collaborative interaction analysis rubric developed by Borge & Carroll (2010). After each discussion session,
individual students evaluated the quality information synthesis and knowledge negotiation by completing this
assessment. A research assistant with two years of communication analysis training used the same assessment to
evaluate each team’s discussion using their submitted chat files. There are three categories of behavior within
each of the two core capacities, with each category assessed on a five-item, ordinal scale. Twenty percent of the
total data was double coded by the research assistant and another trained graduate student to determine inter-
rater reliability of the instrument: r = 0.86; p < 0.001, Kappa = 0.64; p < 0.001. Once each item of a core
capacity is rated, they are averaged to produce a single Collaborative Discussion Quality score, which is a
continuous value between 0 and 5 that we use to track improvement over time in collaborative discussion
processes in the analysis below.

The first core capacity, information synthesis, consists of three categories of behavior. (1) Verbal
participation examines the amount of turns of speech contributed by each member relative to the team’s total
turns of speech. Each chat message on the chat file is taken as a turn of speech. A score of one means that one
member contributed most turns of speech and at least one member barely contributed. A score of five means all
members contributed equally to the conversation. (2) Developing joint understanding evaluates the extent to
which teams make an effort to ensure that members fully understand the ideas presented by taking time to
reword, rephrase, or ask for further clarification of shared information. A score of one means that the team
showed no instances of rewording, summarizing, or confirming another member’s idea or decision, or a possible
team action. A score of five means two criteria were met: (i) at least two instances exist where a member
reworded another member’s idea to make sure he/she understood it or asked another member to explain an idea
by elaborating further, and (ii) at least one example exists of synthesizing major decisions or multiple ideas of
members. (3) Joint idea building focuses on the extent to which team members elaborate on another member's
contribution in order to ensure that information introduced by any member is not ignored or accepted, without
discussion. A score of one means there were no instances where members extended or clarified another
member’s shared information; members ignored others, posed different suggestions unrelated to the original
idea, or simply accepted the idea and moved on. A score of five means there were two or more instances where
one or more members added to another's idea by extending or clarifying over more than five turns and there
were no instances where members ignored others or posed different suggestions unrelated to the original idea.

The next core capacity, known as knowledge negotiation, also consists of three categories of behavior.
(1) Contributing alternative ideas evaluates the extent to which teams present and discuss alternative
perspectives, claims, or suggestions. A score of one means there were no instances where a claim or suggestion
was followed by another member prompting for a counter claim, pointing out a problem, or sharing an
alternative viewpoint. A score of five means that there were at least two examples where a claim was followed
by another member prompting for a counter claim, pointing out a problem with a claim, or sharing an alternative
viewpoint, and a discussion lasting over five turns ensues as a result. (2) Quality of claims focuses on evaluating
the extent to which teams provide logical, fact-based evidence and rationale. A score of one means that when
members made claims they did not include any rationale, evidence, or weighing of options. A score of five
means there were at least two examples where claims were supported by logical, evidence-based rationale or
weighing of different options. (3) Norms of evaluation focuses on evaluating the extent to which teams adhere to
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social norms that promote the development of psychological safety, “a shared belief held by members of a team
that the team is safe for interpersonal risk taking” (Edmondson, 1999). A score of one means that members
repeatedly used extremely inappropriate or offensive language (i.e., blatant profanity, vulgarity, racist or sexist
language, etc.), or examples exist where a member attacks another member’s intelligence or character (e.g. “you
don’t know what you’re talking about”), or made disrespectful comments about a member’s ideas (e.g. “that is
stupid”). A score of five means that responses were professional and respectful with at least one instance where
a member acknowledged that an opinion or claim of another member is reasonable or justifiable before pointing
out its flaws or presenting a counter argument. Also, no examples exist where a member attacked another’s
intelligence or character, made disrespectful comments about an idea, or used inappropriate or offensive
language (i.e., racist, sexist, or sexual in content).

Findings

(RQ1) What are the most common types of problems that interfere with high quality

collaborative discourse practices?

In the first session, students completed the discussion activity based on their initial collaborative predispositions.
We used expert ratings from this first session to identify the most common problems faced by our online
population of students.

With regard to information synthesis, we found our online students were good at extending the ideas of
teammates and developing shared understanding with teammates; these were the two highest average scoring
areas (see table 1 for population means and modes by process). Though our population scored high on
information synthesis overall, they experienced problems associated with verbal participation. Most of our
teams, eight out of the thirteen teams, had one person dominate the majority of the team’s discussion.

We found that our population of online students had more problems with collective knowledge
negotiation than they did with collective information synthesis. The only item in knowledge negotiation that our
population was able to perform at an average range was developing norms of constructive evaluation. Eleven
out of the thirteen teams scored at an average level on this item, meaning that the teams primarily focused on
evaluating ideas and not the people who suggested them. Teams were also not rude or hostile when evaluating
claims. However, only two teams took time to acknowledge that an opinion or claim was reasonable or
justifiable before pointing out flaws or presenting counter arguments.

When we examined the extent to which team members provided alternative ideas or counterclaims, we
found that over half of our teams displayed processes at or below average. Three teams had slightly
dysfunctional processes with regard to providing alternative ideas: people were prompting for counter claims or
alternative viewpoints, but counter claims and alternative viewpoints were rejected or ignored without
discussion. Four teams scored in the average range, meaning there was at least one example of someone
prompting for or providing an alternative claim or opposing viewpoint and team members did not reject or
ignore counter arguments or alternative viewpoints, but alternative claims or opposing viewpoint were
immediately followed by agreement rather than discussion.

Table 1: The mean, mode, and standard deviation of each item of the assessment for our population. Teams were
rated on a scale from one to five, where a score of two indicated some level of dysfunctional behavior

Collective Information Synthesis Collective Knowledge Negotiation
Verbal Joint Alternative Quality of Norms of
Participation Understanding  Idea Building ideas Claims Evaluation
Mean 2.62 4.54 4.54 3.38 3.31 3.31
Mode 2.00 5.00 5.00 2.00 2.00 3.00
Std. Dev. 1.30 0.51 0.80 1.24 1.22 0.78

Quality of claims was also a problem for our teams. The most common score on the assessment was a
score of two, indicating below average quality of claims. Teams with slightly dysfunctional quality of claims did
not support any of the claims made during their session with logic-based rationale. These teams provided only
shallow rationale; they did not weigh ideas or provide a chain of logical reasons to argue for or against a claim:
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Turn Speaker Contribution

1 Tom: Without databases all the logistics of our planet today would be a
nightmare.

2 Pete: Yes it makes everything way more efficient

3 Rob: Yeah I can't imagine a world without databases

4 Tom: I think the chapter could have touched on more SQL language bits

it was mentioned for about 5 seconds and then gone

The team makes four claims in each turn of this short episode. Turns 1-3 include a claim with no
rationale or evidence. In Turn 4, Tom makes the claim that the chapter could have discussed SQL language
more in depth, but supports this claim with a shallow, opinion-based rationale.

An average score on quality of claims would denote a pattern of claim making where the team supports
their claims with logical, but opinion-based rationale. To score above average (score of four), teams had to show
evidence of at least one instance of claims supported with logical, evidence-based rationale that referred to
course content from the text or another information source such as the one below:

“I beg to differ just a little bit, Hal. It's not so much a lack of security as it is the fact that
absolutely anything is hackable. Remember how the first chapter of the book discussed bits,
everything is 1's and 0's to a computer? You can reverse engineer computer code, break it
down to those most basic of components, so there is really no such thing as perfect security.
The only sure-fire way to keep your information safe is to never share it to begin with.”

Only two out of our thirteen teams scored top marks on this item, having two or more examples of
logical, evidence-based rationale during their one-hour discussion session.

(RQ2) To what extent does the activity design model and differing reflective activities

affect teams’ improvement of collaborative discourse over time?

In refining our model, we wanted to (1) test the utility of our activity design model as a means to support the
improvement of the quality of collaborative discussion processes over time and (2) determine which of two
reflective procedures best facilitated sociometacognitive learning: students’ ability to modify activity to meet
collaborative process goals. To accomplish these aims, teams were placed into one of two individual reflective
assessment conditions and a trained research assistant measured Collaborative Discussion Quality at five time
points. All teams followed the activity design model, but there were two conditions for reflective activity. After
each discussion session, teams assigned to condition A, future thinking, were required to score their team using
the Collaborative Discussion Quality assessment and then provide a strategy they could use in the next session
to improve the quality of their collaborative processes. Teams assigned to condition B, evidence, followed the
same procedures as condition A with one exception: they provided evidence from the discussion to support their
self-assessment ratings instead of a providing strategy to improve performance.

Altogether, the data set consisted of 125 data points. We built an ANOVA model with team
Collaborative Discussion Quality as measured by an expert rater at a time point as the dependent measure.
Condition was the independent variable. Time nested within Condition was a covariate. Additionally, we
included Team nested within Condition as a control variable. If the manipulation supports quality at each time
point, we expect a main effect of condition. If quality improves significantly over time, we expect to see an
effect of time. If the improvement is different between the two conditions, we expect the slope associated with
the time variable to differ between conditions.

We found Time had a significant effect in the model. The partial correlation of Time on Discussion
Quality in this model was .45, p <.005. This suggests that the activity design model facilitated the improvement
collaborative discussion quality over time.

The effect of Condition was also significant: F (1, 110) = 5.46, p < .05, effect size .37 standard
deviations. Teams in Condition A (future thinking) had lower scores on average (M = 11.07, SD = 2.19) than
teams in Condition B (evidence) (M = 11.87, SD = 2.11). The slope for Condition A was slightly higher than for
Condition B, but the difference in slopes was not statistically significant when compared through a hierarchical
growth model. In this analysis, both Condition and Time were significant predictors of collaborative process
quality. Though teams improved on both collective information synthesis and knowledge negotiation, we found
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that most of the improvement was due to students’ consistent improvement with the quality of knowledge
negotiation. In session one, ten teams were rated as below average on knowledge negotiation processes, but the
number of teams scoring below average steadily decreased over time. By session four, four teams were below
average. No teams were below average in session five. The same pattern was not true of information synthesis.

Conclusions and implications

The work presented in this paper helps to inform the design of activities that could be included as part of CSCL
systems to support collective regulation and improvement of collaborative processes. Our online students were
prone to similar types of dysfunctional patterns of collaborative interaction as undergraduate students in face-to-
face instructional conditions (Borge & Carroll, 2010; Carroll et al, 2014). Initially, online teams were able to
discuss course concepts, share opinions, and extend the ideas of others, but the diversity and quality of the
claims that were made, along with verbal participation, were less than optimal.

Rather that guide students’ collaborative activity during discussion sessions, we chose to provide
students with reflective assessment activities. These activities articulated a model of optimal collaborative
processes for collective information synthesis and knowledge negotiation. We found that this approach
combined with feedback succeeded in helping students to improve the quality of their discussions over time,
thus supporting the utility of the activity design model. However, we have yet to fully investigate students’
perspectives of the utility of the activity and analyze their feedback to inform the model.

With regard to evaluating the two different types of reflective activities we found that asking students
to provide evidence from their chat sessions to support their assessments of process quality (evidence condition)
was associated with more improvement over time than asking students to provide strategies they could use to
improve future performance (future thinking condition). This is interesting because we expected that requiring
students to propose strategies for future discussions would facilitate behavior change and lead to more
improvement, but our data does not support this claim. One explanation for the difference between reflective
assessment conditions is that students may need more support when thinking about current processes, before
moving onto future planning. It is possible that requiring students to provide evidence for their ratings from their
discussion sessions pushed them to think more critically about how they were assessing their team and whether
they understood the assessment items. In thinking more deeply about the assessment, students may internalize
the assessment criteria more than they would otherwise.

We are working to incorporate our findings to inform the design of a CSCL environment with
awareness affordances designed to support reflection as online students work to collectively regulate
collaborative interactions. Future studies will explore how to help students improve their accuracy of assessment
over time. Preliminary experimentation with automated analysis of the discussion data suggests that while
machine learning models for assessment are less accurate than experts, they may be more accurate than the
students, and thus it may be feasible to use this technology to support improvement in this area. Investigating
how to improve this automated assessment and use it in interventions for supporting improvement in self-
assessment accuracy over time is an important direction of our continued research.
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Abstract: In this paper we report results from a first iteration of design-based research project
exploring the potential of classroom networks of handheld tablets (iPads) to support
collaborative reasoning in physics. This paper examines the interpretive acts performed in the
collaborative discourse of a group of physics students as enactments of personal
understandings, with the goal of understanding how distinct interpretations arise and are
elaborated and negotiated by collaborative groups. Specifically we focus on a case in which
‘incompatible’ interpretations arise, and argue that the group makes efforts after coherent, but
not necessarily shared, interpretations.

Keywords: interpretation, classroom networks, handhelds, design-based research, physics

Introduction
CSCL is centrally concerned with intersubjective meaning-making: the processes by which groups of learners
construct shared meaning (Suthers, 2006). Still there are various views on the relationship between individual
and group meaning-making processes, and individual and group learning. Particularly, this paper looks closely
at the role of individual interpretation of the meaning constructed in face-to-face collaborative settings.
Interpretation has been conceptualized several ways in the CSCL literature. Suthers (2006) focuses on the
actions that constitute interpretation—interpretations are enacted in verbal utterances, gestures, manipulations of
artifacts; by acting, learners make their interpretations visible, both to their group members and to researchers.
Producing an interpretation adds to the available artifacts to interpret, changing the meaning-making landscape
from which the other students can form interpretations. In this way, individual contributions take up and build
on one another dynamically. On the other hand, interpretations have been conceptualized as personal pre-
understandings (Stahl, 2003)—specific to each student, dependent on their prior knowledge and experience—
which become problematized, elaborated, and modified during group activity. Meaning is constructed in
interaction, however, and exists in the interpersonal space. In this view, learners have (tacit or explicit)
interpretations of collaboratively constructed, shared meaning. The distinction between interpretation and
interpretive acts might be useful in distinguishing these views; interpretation being a personal understanding
associated with an individual, and interpretive acts being the ways in which those understandings are enacted in
group discourse and made visible to the group and to researchers.

Roschelle (1992) found that individuals working in groups tend to converge on a shared conception of
a problem; later work conceptualized collaborative learning as the result of efforts made to maintain such a joint
conception (Roschelle & Teasley, 1995). The view of interpretive acts as each building on and modifying one
another lends itself to a ‘gradual changes’ view of the evolution of a joint problem conception. However, it is
difficult to use such a lens to understand the collaborative processes behind the major, paradigmatic shifts of
interpretation and understanding that are sometimes necessary to solve and understand a complex problem. This
paper seeks to examine the interpretive acts performed in collaborative discourse as enactments of particular
personal understandings, with the goal of understanding how distinct interpretations arise and are elaborated and
negotiated by collaborative groups. Specifically we focus on a case in which ‘incompatible’ interpretations arise
and must be reconciled.

Learning environment design

We locate this design work relative to two distinct axes of prior research. Research in collaborative learning
indicates that tasks are likely to be most effective when they are sufficiently open-ended and complex to
necessitate contributions from each member (Cohen, 1994), and when participants engage the task and one
another in ways that sustain that variety of contributions (Barron, 2003). Relative to this axis, networked
handhelds can facilitate greater communication, coordination and negotiation among peers (Zurita & Nussbaum,
2004), and expand and enrich avenues for active participation in joint problem-solving activity (White & Pea,
2011). Along an axis of research more focused on the individual learner, simulations and interactive multimedia
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can be engaging and assist in complex visualization (Adams et al, 2008); contemporary personal devices such as
tablet PCs offer the potential to further enrich those supports through more continual mobile access and
intuitive, touch-based interfaces. One aim of this project is to design technology-supported activities that
synergistically draw on both the individual and collaborative offerings of networked handhelds.

Technology
Our learning environment is designed to support groups of undergraduate physics students in making sense of
the physics of mechanical waves. Each student is given an iPad Air running our iOS application: an interactive
simulation of many independent mass-spring oscillators set at equal intervals along the horizontal axis. The
oscillators’ vertical motion is animated on each iPad when the student pushes a “play” button; the oscillators are
returned to their initial positions when the student stops the simulation with a “pause” button. The initial
position and direction of each oscillator can be adjusted using an interactive “unit circle” tool, a representation
of the unit circle with angle markings at intervals of n/16. To adjust the position and direction of a selected
oscillator, the student drags a point around the circumference of the unit circle to the corresponding phase angle.
When the phases of the oscillators are set at regular intervals, the oscillators will together form a
travelling wave, the wavelength and direction depending on the phase interval between adjacent oscillators. The
direction of the wave is determined by whether the phase is increasing or decreasing as you move along the x-
axis. Each iPad connects to a local server that assigns each student in a group control over a subset of the
oscillators. When one student makes changes to the position or direction of one of his or her oscillators, the app
messages the server, which then communicates those changes to the rest of the group. When each student reruns
the simulation on her own device, the initial oscillator positions are updated. Thus, in order to build a wave
together, the students must coordinate the phases of their individual oscillators.

Task design

Our design is intended to encourage student interactions around concepts related to mechanical waves and wave
motion. Specifically, we intend the activity to occasion talk about the concepts of phase, relative phase and
phase intervals, and how these relate to observable aspects of wave phenomena such as wavelength and wave
direction. In order to build a wave, the students must coordinate the phases of their individual oscillators, and
performing this coordination will likely require students to take up the concept of phase, and its representation
on the unit circle, as meaningful and useful to the wave-building task. Students were given worksheets with task
directions. The task progression was to: 1) build a wave with a wavelength of 16 units, 2) build a wave with a
wavelength of 8 units, and 3) build a wave with a wavelength of § units, but moving in the opposite direction.

Methods

Context and participants
The Physics 7 series at University of California, Davis is a three-quarter introductory Physics sequence for
biological science majors. The sequence is unusual in that Physics 7 students spend 5 hours per week in a hybrid
Discussion/Laboratory, and only about an hour per week in a traditional lecture. The goal of these
Discussion/Laboratory sections is for students to engage in high-level conceptual reasoning about physics
concepts, in what the course designers call "active sense-making" (Potter, 2012). Two main instructional
strategies serve that goal: small group collaboration, and a focus on a small number of conceptual models.
Nearly all class work is done in a face-to-face setting in groups of four to six. Additionally, the course content is
structured around a relatively small set of physics models designed to focus the students’ attention on the “big
ideas” of Physics. In these Discussion/Lab sections students work through problems, discuss, argue, explain and
make sense of physics problems. A typical class session has small groups working through conceptual reasoning
activities, each group presenting their results on a shared whiteboard, followed by a whole-class discussion of
the results led by the graduate teaching assistant.

Our classroom implementation of the Making Waves activity was conducted in the final course of the
CLASP series, during the first two consecutive, three-hour discussion/lab sessions at the beginning of the
quarter. These first two class sessions are devoted to oscillatory motion and waves. For our intervention
sections, we replaced an activity in which students primarily produced and reasoned with graphical
representations of waves with modified worksheets with the Making Waves task prompts. We conducted one
‘pilot’ session in Winter quarter 2013 with one participating class section of twelve students, and a second in
Spring 2014 with four course sections (of thirty students each) using this design.
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Episode selection

In a typical Physics 7 activity, the TAs walk around the classroom and interact with student groups. Many of
these interactions throughout our activity sessions involved the TAs explicitly telling the students what to do to
accomplish the assigned task. As we were primarily interested in supporting student-student interactions in
small groups, we looked first for episodes in which students reasoned together without substantial guidance by
their TA. We chose to analyze an episode in which four students reason about a strategy for changing the
direction of the wave they had just built, and construct an accompanying explanation of why their strategy
should work. This episode was chosen primarily because it was an instance of group members clearly enacting
distinct interpretations—one group member leaves the table while the group discussion continues, then returns
and offers his own, very different strategy for reversing the wave direction. Additionally, this episode was
chosen in part because these students were particularly vocal and articulate about their strategies, and because
each student in the group participated in the reasoning session. The selected episode is representative of the
broader data set in that the strategy the students came up with the same as the other groups, but was notable in
that the TA did not play a direct role in the construction of the final explanation.

Analytic approach

The goals of our analysis are to uncover the ways in which this group of students enacted distinct interpretations
and subsequently negotiated those interpretations—particularly in the instance in which the interpretations were
substantially different. As such enactments involve verbal utterances, gesture, body language, gaze and
interactions with materials, we employed interaction analysis (Jordan & Henderson, 1995), in which repeat
viewings of the selected episode allowed us to make sense of the interaction at both the “macro” and “micro”
interactional levels. We first transcribed the episode fully, additionally annotating hand movements used in
communication, beginning at the ‘problem statement’ by the TA and ending when the group had changed the
topic of conversation. Within the video segment and using the transcript, we then identified for further analysis
three episodes in which distinct interpretations arose.

Results

The selected episodes featured a group of four students: two men (J and S) and two women (A and B). The
episode took place after the group had just successfully constructed a wave with a wavelength of 8 units, point-
by-point. Some of the group’s wave-building activity prior to the selected episode is relevant to understand it: as
this was a group of four, their wavelength was divisible by the number of people in the group. This had the
effect of J’s oscillators each alternating phase between 0 and m—and because of this coincidence, he found
during the initial wave building task that these two phases each corresponded to his oscillators each being at the
“equilibrium point,” in the y = 0 position. He noted aloud that both phases corresponded to the same position,
but that the difference between a phase of 0 and a phase of m is in which direction the oscillator is going—zero
corresponding to upward motion, and  corresponding to downward motion through equilibrium.

The selected video segment began as J left the group for a trip to the restroom, and the TA asked the
remaining three students how they would reverse their wave’s direction. The episode has three parts: in Part
One, the group (S, A and B) constructed an initial strategy and accompanying explanation of why that strategy
should work; in Part Two, J had returned and proposed an alternative strategy. In Part 3, the full group discusses
a reinterpretation of the original strategy.

Episode one: A joint production without shared knowledge

As they finished building their first wave, J left the table for a trip to the restroom, and the other three students
remained at the table. The TA approached the group and prompted them with the next question from the activity
sheet, asking how they would change the direction of the wave they had just built.

TA: So... we decided it’s moving left, right?

B: Mh-hm.

A: Yeah.

TA: How do you guys think you could make it move right?

A: What!

TA: How could you make it move to the right instead?

B: Change the pha:se/? <tentative>

TA: I mean yes, but... [everything is changing the phase, right.
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A: [Everybody would shif: t...<<go

backwards>>.

S: [Yeah.

TA: [Yes:[

A: [<<Like instead of going this way, [we would all go that way.>>

TA: [Why would that work?
Cau:se...

S: Cause you’re reversing the direction of... you’re reversing the
oscillation. So initially, one of these points either starts[

A: [going u:p
<elevated>

S: like I’m assuming this starts [up.

A: [oh: <elevated>

S: Or down. If you reverse that

A: you’re going to now be going

S: you’re going to
change the way everything else moves. Like that changes the direction.

A: [oh: <elevated>

The TA initially posed the question to the group as “how could you make it move to the right instead
[of left]?” B’s initial suggestion to “change the phase” was tentative, as indicated by her uptalk and elongation
of the word “phase.” Her hesitation suggests that she suspected that the strategy would involve phase, but did
not yet have a definite picture of how ‘phase’ related to the making the wave “move to the right.” B’s suggestion
was rejected by the TA as not incorrect (“I mean yes”) yet not satisfactory (“but”), and in particular, too general
(“everything is changing the phase, right?”).

S and A then jointly constructed a chain of concepts linking phase to wave direction. A first posited
that everybody would “go backwards,” and elaborated this meaning with “go this way,” coupled with a gesture
of a smooth rotation motion along the unit circle. The TA immediately affirmed this strategy, but asked for an
elaborated explanation (“why would that work?””). A began an explanatory response (“cau:se...”) but S filled in
the content, explaining that it would work “cause you’re reversing the direction of... you’re reversing the
oscillation.” As A did earlier, he related his explanation as a modification to the group’s prior activity (“initially,
one of these points starts up” ... “if you reverse that”). He then continued to relate “reversing the oscillation” to
“changing” the wave direction. S’s and A’s talk is intertwined in this segment, A saying “oh:” and using
elongated and elevated tones to indicate a realization or new understanding, while also implying her acceptance
of S’s contribution. This strategy, and accompanying explanation, was a socially distributed production
comprising contributions from each of S, A and B.

What is interesting about this particular exchange is that the two students, S and A, appear to have been
talking about two physically different situations—in particular, two distinct interpretations of the relationship
between going “backwards” and the oscillators’ motion. A appeared to be talking about the effect on the
direction of motion of each of the oscillators, while S was talking about the effect on their position: A used the
phrase “going up,” while S used just “up.” While these may be subtle differences in language use, they are
accompanied by significant differences in gestural activity. A showed a smooth motion clockwise around the
unit circle, then mimicked going up. S didn’t refer to the unit circle in his explanation, but continued the verbal
explanation (beginning with repetition of A’s “cause”) of A’s “go backwards” strategy, mimicked oscillation
with pinched fingers moving up and down, then as he said “starts up” he moved his pinched fingers vertically
upward, paused, then as he said “down,” pulled his hand backward and moved his pinched fingers to a lower
position. He continued “if you reverse that,” repeating this up-to-down motion, “you’re going to change the
way,” mimicking waves in place, “everything else moves,” with a rightward-moving flat hand, indicating a
rightward-moving wavefront. His gestures suggest that he interpreted “reversing the oscillation” not as
reversing each oscillator’s direction, as A did, but reversing their initial positions from “up” to “down.” S even
stopped his initial explanation mid-sentence to repeat it specifically omitting the word direction (“Cause you’re
reversing the direction of... you’re reversing the oscillation”), suggesting that direction wasn’t relevant to his
interpretation.
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This further suggests a possible difference in interpretation of the verbal phrase “go backwards.” A’s
initial “go backwards” was accompanied by a smooth clockwise motion around the unit circle. Coupled with
her focus on changing the oscillators’ directions, this may suggest that she took going backwards to mean that
each point should progress, as time goes on, clockwise on the unit circle rather than counterclockwise (this
would indeed have reversed the wave direction). On the other hand, S did not gesture referring to the unit circle
(he took up the explanation from there)—yet his emphasis on changing position would be consistent with an
interpretation of “going backwards” to mean a reversal of their initial wave construction strategy: to now
subtract phase as each person sets their points, rather than to add phase with every point.

Episode two: Making two interpretations coherent
At the end of the above segment, J returned from his trip to the restroom, and S asked him how he would change
the direction of the wave:

S: How do you think you’d change the direction... how do you think you’d
change the direction of the wave?

AR Change the direction... it’s like, oka:y (turning on iPad and looking down at
it) well you change the equilibrium points from... right... you change the
zeros... when you change the equilibrium points you like you flip the uh...
(looks up from iPad at A) wait... what was zero, you’d flip that to pi? Right,
and everything? And all the two Pi equivalents... right?

: I think so:... it’s just the direction also flips with it. Yeah.
S: [Yeah. Yeah, yeah.

As J thought aloud in the beginning of this sequence, his reasoning seemed to hinge on the word
“change” (“change the direction... you change the equilibrium points... you change the zeros... you change the
equilibrium points, you flip the...”). “Change the direction” appears to have been a verbal cue for J, bringing
about a recollection of his prior experience during the wave-building activity of “changing the direction” of the
“equilibrium points.” J made this prior experience relevant to the current conversation through his repetition of
the phrase “change the direction,” first in reference to the wave, and then in referring the “equilibrium points.”
He then made the “change” more specific by transitioning from “change” to “flip” (“when you change the
[direction through the] equilibrium points... you flip the [zeros to Pis]”).

While this contribution also related the wave to the individual oscillators to the unit circle, it did so in a
way that was inconsistent with the group’s already proposed strategy. According to J, the group would take each
of the points along their existing wave and adjust the phase on the unit circle to the “equivalent point”—where
the position was the same but the direction of motion was reversed. This would indeed have worked. The
strategy constructed by the other students, however, was to redo the point-by-point building of a wave, this time
going clockwise on the unit circle. This strategy also works, and ultimately differs from J’s only by an initial
phase factor. However, the processes being suggested for building the reversed wave are substantially different,
and not obviously compatible.

Now we focus on how the group responded to these distinct strategies. In response to J’s newly
suggested strategy, A began with a statement of agreement (“I think so:...”), elongating the “so” to hold her
conversational turn as she thought. When she spoke again, she began with “it’s just,” then followed it with a
point of similarity between her interpretation and J’s (“it’s just the direction also flips”, emphasis mine). This
suggests that the effort she was making while silent was to reconcile J’s “flipping points” with her own
interpretation of the original group strategy by finding ways in which they were, effectively, the same. She
enacted this reconciliation both verbally and gesturally, by repeating J’s use of the word “flip”, and modifying
her original “direction” gesture to end in a “flipping” motion (see Figure 1).

A and S jointly accepted this connection between the strategies: as she said “Yeah,” she gestured
toward S with an open hand, palm upward, referring to their previous exchange, that (in A’s interpretation)
meant that “reversing the oscillation” was sufficient to “change the [wave] direction.” A’s contribution here,
gesturally “flipping the direction” of the oscillator and then gesturing to S indicates that her interpretation of the
initial explanation was indeed focused on flipping each of the oscillator directions, not their positions. While S
did not seem to be interpreting direction as meaningful before, he nevertheless accepted here that flipping the
direction was in accordance with the explanation of their previous strategy.

CSCL 2015 Proceedings 439 © ISLS



Figure 1. “(a) It’s just (b) the direction also (c) flips with it. (d) Yeah.”

Episode three: Purposeful reinterpretation
The group had now introduced two qualitatively different strategies: “going backwards,” which required the
group to restart their coordination efforts, and “flipping points,” which involved taking each point as it is in the
leftward-travelling configuration, and transforming it by “flipping” it to a new position. J next attempted to re-
express his strategy:
J: So we all need to find an equivalent point that's like... would you not move
the dot, would you want it the same area, but like... what did he say, like
what did you guys figure out?
[ A responds, J asks her to repeat.]
A: Like you know how when we did our first one? You were here and like oh
she was there and he was there and I was here ... Now we'd have to go.. We
have to go the other direction.

I: Is there a way to think about it mathematically though?

A: That's what I was think- the negative Pi/? Is there a way/?

B: This would be pi/2 instead of 3Pi/2, but...

S: Yeah

B: Negative?

AR Like I'm saying if you shift that over...

B: Isn't that math though, isn't it like this way is positive but if you go this way
it's negative?

A: Negative. So in a way it is mathematically correct?

S: Yeah.

B: like it'd be negative pi/2?

J: OK so if we... we added pi/8 right? So if we subTRACT pi/8 from the
equilibrium point...

A: now you're going in the other direction.

B: negative pi/8...

A: Now it makes sense.

S: So we shouldn't think about it as flipping points, but we should think about
it as going the opposite direction on the unit circle.

A: which makes it negative.

S: Because... waves behave... he says wave behaves like a sine curve. Sine
curve is like... choo, choo... it's oscillating. So we oscillate the other
direction...

I: that makes a lot more sense.

J attempted to elaborate his “flipping points” strategy, suggesting that they each needed to find
“equivalent points” (positions along the unit circle) that would keep their “dots” in the same vertical positions,
but change their directions of motion. (This strategy would indeed have worked.) However, A provided no

CSCL 2015 Proceedings 440 ©ISLS



positive feedback while J made this contribution—no indication she shared his interpretation. A then related her
strategy to J without taking up any aspect of his “equivalent points” idea. This effectively suppressed J’s
“equivalent point” idea, as they didn’t discuss the way in which this strategy might maintain the “equivalence”
of the points, and there was no further effort to reconcile these two strategies.

As A related the strategy, she reminded J of the group’s original strategy (“you know how like before
when we started”) and replayed it gesturally, touching her finger to each point along the unit circle, progressing
counter-clockwise at equal intervals (“I was here he was there and you were here”). She then switched to the
new strategy in contrast by switching tense (“we would have to go”) and replaying her motions along the unit
circle but this time moving clockwise (“you are here... I'm here”). In doing so, she ued the group’s prior
activity to explain the new one to J. She summarized the new strategy (“go this way”). J then, without reference
to any details of what A had just said, asked if there was a way to think about A’s strategy mathematically. This
contribution is noteworthy in that it was a shift from “tool talk” to “concept talk”—rather than being about the
procedure of building a specific wave, it was about a particular way to understand that procedure. The group
then tried to come up with a way to think about their strategy mathematically, their discussion initially centered
on the negative/positive distinction between going clockwise/counter-clockwise on the unit circle. Then, J’s
mathematical interpretation of the strategy as subtracting in contrast to the previous strategy of adding became a
new explanation for why A’s strategy should work. Adding/subtracting n/8 likely had a higher degree of relation
to the strategy A had gesturally enacted than positive/negative.

Saying “now you’re going in the other direction” with a tone of relief, A accepted J’s interpretation.
Her gesture coinciding with the word “other” is interesting—instead of mimicking direction on the unit circle or
the direction of an oscillator as she had done before (or taking up S’s gesture for the direction of the wave), she
summed it all up with a “hand flip” gesture that simply emphasized the word “other.” She then gestured “palm
up” at S again (the first time she did so, she was referring to flipping the oscillator directions being sufficient to
reverse the wave direction). Now repeating that gesture, she effectively completed the explanation. This was in
line with A’s (apparent) interpretation that the essence of the wave reversal strategy was to make everything
(unit circle, then oscillator, then wave) go the other direction. S took this up and positioned “flipping points”
and “going the opposite direction” as two different ways of thinking about this. However, he did not adopt J’s
“adding/subtracting” language—he simply reiterated the initial idea about going around the unit circle, now
emphasizing “other” as A did, but accompanied by a different ambiguous gesture.

Discussion

The analysis presented highlights the need to attend to distinct, personal interpretations in accounts of meaning-
making. In Stahl’s (2003) sense, meaning is shared because it is constructed through an interpersonal process of
mutual recognition: a reference to something takes on a function in the ongoing discourse and therefore means
something to the participants. However, trying to understand the group’s discourse through this lens is
problematic. For example, the initial explanation co-constructed by S and A made use of the phrase “go
backwards.” However, “go backwards” had two distinct functions in the activity as interpreted by S and A, as
evidenced by their distinct gestural activity: either reversing oscillator position, or reversing oscillator direction.
Thus it was not that there were two interpretations of the meaning of “go backwards,” but that the phrase itself
had two meanings, which were not in any useful sense shared by S and A. An alternative to a focus on
individual interpretations of shared meaning might be found in Greeno and van de Sande’s (2007) theory of
perspectival understandings, which posits that individuals have personal perspectives — points of view that
foreground one particular set of concepts and relationships between them. In this sense, A and S took different
perspectives on the relationships between “going backwards” on the unit circle, oscillator position, oscillator
direction, and wave direction, without requiring that each of these concepts had a meaning shared by the
participants.

The analysis presented also highlights the ways that attention to individual interpretations can help
researchers make sense of the interpretive acts by which the group accomplishes meaning-making. Taking the
view proposed in Suthers (2006) that intersubjective meaning-making involves the joint composition of
interpretations— the producing, taking up, modifying or elaborating a set of shared verbal, gestural or material
artifacts— we can interpret A’s utterance in Episode Two as taking up both J’s statement about “flipping points”
alongside her earlier idea about changing directions, and connecting these two conceptually. However, without a
focus on individual interpretations it is difficult to see why A might have made that particular connection, or
why it was A who made it. Attending to interpretations as personal understandings, her contribution represents
an effort to reduce J’s proposed idea to something consistent, or coherent, with her own currently held
interpretation in which oscillator direction change was important. Additionally, A may have played this
reconciliation role because her interpretation enabled her to see potential connection with J’s. S’s interpretation,
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on the other hand, in which position change was important, may have made it more difficult for him to make a
connection to “flipping points”— an action which changes the direction, but not the position, of the oscillators.
Lastly, attention to interpretations helps make sense of J’s attempt to shift to a mathematical interpretation in
Episode Three. In J’s own words, he was looking for “a way to think about that”— not for new information, or a
“missing” artifact, but a new organization of what was already available to him— a new way to interpret the
concepts relevant to their wave building activity.

While these students achieved a degree of intersubjectivity sufficient to successfully accomplish the
wave building and reversal tasks, and to collaboratively construct an explanation of their reversal strategy
acceptable to their TA, they did so without ever sharing interpretations of their activity. To some extent, the
students’ conceptions of the problem of building a wave, or reversing its direction, must have converged—they
could reliably, successfully build arbitrary waves together as a group by the end of the activity, and could not at
the beginning. However, their interpretations-- specifically related the conceptual mechanisms of direction
reversal-- did not converge, either during the wave-building activity or during the subsequent discussion. This
suggests that conceptual convergence, in Roschelle’s sense, may pertain to the more pragmatic features of the
problem at hand, on which the group must agree to coordinate their actions-- while interpretations may be of the
underlying conceptual structure of the problem, which need not be shared to succeed. It is an interesting future
research question how these two layers relate to one another, and co-evolve in discourse.
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Abstract: We report a longitudinal study on the development of 22 students’ productive
vocabulary in knowledge building from Grade 1 to 6. Vocabulary growth was assessed based
on the student discourse in Knowledge Forum, an online community space designed to
support Knowledge Building. Analysis of lexical proficiency based on Lexical Frequency
Profile and P_Lex indicated significant growth in productive written vocabulary, especially
for words beyond the first two 1,000 word lists. By tracing the growth of vocabulary extracted
from specific word lists, we found that the growth rate for different types of words varied
across each year but correlated with each other. Correlation analyses between these lexical
measures and Knowledge Building behavioral indicators revealed that note revisions are the
strongest predictor of vocabulary growth rate, whereas note reading is related with lexical
proficiency measures.

Keywords: Knowledge Building, literacy development, productive vocabulary, CSCL

Introduction

Language acquisition is considered a major milestone in child development and plays a critical role in shaping
the child’s participation in everyday practices. For example, the child’s lexicon shares an interdependent
relationship with school learning and performance. Studies in the classroom have shown that word knowledge
plays a critical role in verbal and listening skills, reading comprehension, and learning of new concepts (e.g.,
Biemiller, 2005; Cunningham & Stanovich, 1997; Stahl, 1991; Steahr, 2009). Additionally, the more words the
student knows, the easier it is for them to access new resources and learn more (Stahl, 1991). Over the last few
decades, a body of research in literacy education has been devoted to improving student learning and reading
through explicit vocabulary instruction (for a review see Rupley, 2009). However, there is evidence that explicit
vocabulary instruction leads to a decontextualized understanding of words. For example, teaching new
vocabulary through dictionary definitions and spelling lists can lead to misuses of the true meaning of words;
rather, learning new words through emergent use in authentic contexts can support a more holistic
understanding of them (Miller & Gildea, 1987).

Recognizing the limitations of explicit vocabulary instruction, developmental psychologists propose a
social-pragmatic view of language development (Akhtar & Tomasello, 2000), which argues that language
acquisition is driven by social interaction and the child’s need to connect with others. In other words, the child’s
lexicon is acquired through social experiences and conversational interactions wherein they are exposed to
language (Hoff, 2002). Words and sentences do not exist as islands by themselves; thus, explicit vocabulary
instruction that presents word definitions and exemplary sentences as self-contained “pieces” of knowledge
would not be sufficient (Brown, Collins, & Duguid, 1989). Sociocultural theorists further add that child
development, which extends across social, conceptual, linguistic, and cultural competencies, must be understood
within the cultural context that the child develops (Vygotsky, 1978; Hedegaard, 2009). According to this
perspective, learning is a social and collaborative process, and classroom environments must support peer-to-
peer interaction (Hakkarainen, Paavola, Kangas, & Seitamaa-Hakkarainen, 2013). Integrated educational
contexts for literacy allow students to participate in meaningful activities related to novel and challenging words
through a variety of encounters and are effective for promoting depth of world knowledge, writing quality, and
vocabulary expansion (Stahl, 1991). Benefits have been shown from the earliest grade levels of engaging
students in authentic settings for vocabulary learning (e.g., Juel, 2006).

Knowledge Building (KB; Scardamalia & Bereiter, 2006), a principle-based pedagogy that engages
students directly in sustained creative work with ideas, provides such a context for vocabulary development.
Knowledge Building is “productive work that advances the frontiers of knowledge as these are perceived by a
community” (Bereiter & Scardamalia, 2003, p. 1370). Knowledge Forum (KF)—technology designed to support
Knowledge Building—immerses students in literate environments extensible to the broader world on the
Internet and beyond. It aims to optimize opportunities for knowledge creation, mirroring conditions of the
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surrounding open, innovation-driven, knowledge society—a complex world of ideas requiring that users create
knowledge out of information fragments. In Knowledge Building classrooms, all students take collective
responsibility for generating and advancing ideas that “live in the world”—most immediately, the public
community knowledge spaces of Knowledge Forum, where efforts to advance the frontiers of their community
knowledge require continuous reading, writing, and multimedia productions to contribute and improve ideas.
Students read each other’s entries, search for information to answer questions, design and report experiments,
and so forth. Conceptual advances are mirrored in vocabulary growth in online and offline exchanges between
students, with vocabulary advances appearing as a by-product of their knowledge work (Sun, Zhang, &
Scardamalia, 2008). The Knowledge Building proposition is that immersion in complex literate worlds from
early ages of schooling will lead to advances in both basic and advanced competencies. This hypothesis has
been tested in previous studies, but within a shorter time frame (Resendes, Chen, Acosta, & Scardamalia, 2013;
Sun, Zhang, & Scardamalia, 2008).

Knowledge Building is compatible with the social-pragmatic and sociocultural perspectives on how the
social environment plays a crucial role in facilitating the acquisition and productive use of new words. The
current study aims to explore the phenomenon of vocabulary growth within a student cohort across the
elementary years. Such longitudinal studies of the development of the productive vocabulary are almost non-
existent (Laufer, 1994), needless to say its scarcity in the Computer-Supported Collaborative Learning (CSCL)
context. Of equal importance is future work to connect vocabulary development and the advancement of
community knowledge in CSCL, as well as to elicit lexical measures to assess productive work with ideas in
CSCL. Our major research questions concerning the development of productive vocabulary in Knowledge
Building are:

1. How did students’ lexical proficiency, as indicated by their written discourse in KF, change over the
span of six years?

2. Did the rate of productive vocabulary growth remain consistent over time? Which words were used
most frequently for each year?

3. To what extent was productive vocabulary growth related to students’ Knowledge Building
behaviours?

Methods

Participants and the knowledge building context

The participants were a student cohort of 22 students from the Dr. Jackman Institute of Child Studies (JICS) of
the University of Toronto, where Knowledge Building pedagogy and technology has been used extensively for
over a decade. Indeed, JICS has been highlighted as a school that continuously engages in Knowledge Building
practices, due to sustained collaborative efforts made by its teachers, principals, and students (Zhang, Hong,
Scardamalia, Teo, & Morley, 2011). At JICS, Grades 1 to 4 are taught in separate classes, and Grades 5 to 6 are
taught in mixed classes. Each class is taught by one teacher, so students were taught by 5 different teachers in
total. The students started Grade 1 and finished Grade 6 at the same time; however, two students left the school
before Grade 4 and five students left before Grade 5.

Over the course of six years, students in the present study assumed collective cognitive responsibility
to improve their ideas (Scardamalia, 2002): They shared the consistent goal of advancing their collective
understanding about authentic problems they cared about through face-to-face discussions and online
interactions in KF. They carried out explanation-seeking discourse propelled by their collective efforts to
improve their ideas through various means, such as observation, experimentation, and constructive use of
authoritative sources. A detailed account of classroom dynamics is beyond the scope of this article, but can be
found in the Knowledge Building literature (e.g., Scardamalia & Bereiter, 2006; Zhang, Scardamalia, Lamon,
Messina, & Reeve, 2007). The student cohort in the present study examined topics in: science, such as
“Butterflies,” “Invertebrates,” “Ecology,” “Rocks and Minerals,” and “Astronomy”; engineering, such as
“Structures” and “Toys That Move”; and social science, such as “Medieval Times” and “Canadian Issues.”

One important component of students’ Knowledge Building work was their extensive use of
Knowledge Forum (KF), an online community space for them to document ideas. Students wrote extensively
about their ideas, collectively making sense of difficult concepts, building coherent explanations, and carrying
out “metadiscourse” (Resendes et al., 2013). While Knowledge Building discourse took place in multiple media,
KF served as the central workspace for idea development. During face-to-face discussions, students would
constantly refer back to artifacts, such as texts, drawings, and videos in KF and would return to KF afterwards to
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revise their notes. As a result, reading and writing in KF is a meaningful literacy practice and an integral aspect
of Knowledge Building (Sun, Zhang & Scardamalia, 2008).

Data Sources and Analyses
The primary data sources in the present study were KF log data produced by the participants over six years. The
dataset mainly included: (1) students’ KF notes, as well as their metadata, such as time, title, view, and authors;
and (2) students’ activity log, which involved three types of actions—reading, creating, and modifying a note.
To study the longitudinal development of students’ productive vocabulary, our analysis focused on a
set of established lexical measures and their changes over time. KF notes were exported and grouped by school
year. The following lexical measures were computed for each unit of analysis (i.e., KF notes produced by each
student in each school year):

(1) Lexical richness measures. We first counted the total word tokens and word types (i.e., unique words)
produced by each student each year as two basic measures of lexical richness.

(2) Lexical Frequency Profiles. Vocabulary proficiency can be measured in various ways. Lexical
frequency profile (LFP) is a quantitative index proposed by Laufer and Nation (1995) to measure the
vocabulary richness of a text based on its proportions of frequent versus infrequent vocabulary. The
underlying assumption of LFP is that “a large number of infrequent words would make a text more
difficult to understand” (Laufer, 2013, p. 1). Based on this assumption, a student’s vocabulary
proficiency can be inferred from the percentage of frequent and infrequent words they use in their
written text. LFPs were built for each student in each year, based on three word lists from a software
program developed by Paul Nation: first 1000 word families, second 1000 word families, and the
Academic Word List (Coxhead, 2000). A student’s LFP was presented by percentages of words from
these three word lists.

(3) P_Lex. Recognizing LFP’s ineffectiveness with shorter text—text shorter than 200 words in particular
(Laufer & Nation, 1995), Meara and Bell (2001) created another measure for vocabulary proficiency,
P_Lex, which was claimed to work well for text as short as 90 words. This measure is based on the
same assumption as LFP, (i.e., the use of infrequent vocabulary indicates higher proficiency).
However, P_Lex differs from LFP on how vocabulary proficiency is calculated and represented. To
calculate P_Lex of a piece of text, we first divide the text into segments of 10 words. Then, for each
segment, we count “infrequent” words beyond the first 1000 word families. For an imagined paragraph
containing 108 words, we may get a vector: [0, 0, 2, 1, 1, 1, 2, 1, 0, 0]. Then, we would feed the counts
of each possible value (i.e., {0:4, 1:4, 2:2, 3:0, ... 10:0}) into a Poisson distribution model. A 4
(lambda) coefficient in the Poisson distribution model (ranging from 0 to about 4.5) is computed to
represent the lexical proficiency represented by the text, with a higher lambda score corresponding to a
higher proportion of infrequent words (for details see Meara & Bell, 2001).

(4) Rate of vocabulary growth. Both LFP and P_Lex are solely concerned with the makeup of frequent
versus infrequent vocabulary in texts and do not provide information about the growth of productive
vocabulary size. Thus, for each student we also traced new vocabulary that appeared during each year.
Using the same word lists as those used for LFP, we further distinguished frequent and infrequent
vocabulary acquired by each student in each year. This analysis would help us pinpoint the words
students acquired each year and the distribution of these words in different word lists.

To determine whether there were changes within these lexical measures across the six years, Mann-
Kendall tests of trends and multivariate analysis of variance (MANOVA) was further conducted on each
measure. Meanwhile, to investigate the relationship between lexical development and Knowledge Building
activities, correlation analyses were conducted between the frequencies of Knowledge Forum behavioural
indicators, such as reading a note, creating a new note, and modifying an existing note, and the lexical measures
describe above. Additional correlation analyses were conducted among lexical measures for validity purposes.

Finally, in order to uncover the context in which vocabulary learning occurs, we tracked a number of
“difficult” words identified from students’ entries. Content analysis of related discourse was conducted to shed
light on the interpretation of aforementioned analyses.

Findings

Note writing and reading across six years
Table 1 shows the number of notes written, modified and read per student during six years. Over the six years,
the average student created 88.67 notes, revised 63.43 notes, and read 601.48 notes, indicating substantial
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literacy practices in Knowledge Forum throughout the years. However, there were considerable variations
across the years and among students, which were also found in previous studies (Sun, Zhang & Scardamalia,
2008). At the class level, students were most active in Grade 3 and 4, while in Grade 6 their KF activities
dropped to the lowest. This drop could be partially attributed to the increased adoption of other learning
technologies when students entered higher grades, as reported by teachers. At the individual level, detailed
analysis uncovered substantive variations potentially linked to individual differences worth further investigation.

Table 1. Mean and standard deviation of student activities in Knowledge Forum

Activities Grade 1 Grade 2 Grade 3 Grade 4 Grade 5 Grade 6
Reading 63.10 (24.9) | 73.95 (25.1) | 182.00 (94.5) | 235.63 (115.5) | 67.38 (52.1) | 48.17 (41.0)
Creating 15.10 (5.2) 18.43 (9.3) 19.71 (10.6) 21.74 (8.8) 12.85 (8.9) 10.17 (7.3)
Revising | 1233 (4.3) | 9.33 (4.2) 14.76 (9.7) 18.89 (8.5) 8.38 (6.1) | 8.25 (6.3)

Vocabulary use reflected by Lexical Frequency Profiles and P_Lex

Table 2 presents the total word tokens and total word types (unique tokens), two lexical richness measures, in
each year. Regardless of fluctuations across years, Mann-Kendall trend tests on both measures were significant

(= 0.18, p < .01 for both), indicating a trend of increase of produced tokens and unique tokens over the years.

Table 2. Mean and standard deviation of Lexical richness of student writing

Measures Grade 1 Grade 2 Grade 3 Grade 4 Grade 5 Grade 6
Total tokens | 208.10 (115.4) | 159.48 (129.6) | 114.48 (108.3) | 176.53 (119.3) | 498.38 (394.9) | 366.23 (274.2)
Total types 98.90 (38.0) 72.38 (39.5) 65.10 (32.6) 85.21 (41.8) 146.69 (75.8) 122.85 (43.1)

Table 3 presents the P_Lex scores of student writing in each grade. A Mann-Kendall test confirmed a
significant trend of increase, = = 0.24, p < .001 (see Figure 1). Repeated measure ANOVA also revealed

significant changes in P_Lex over the six years, F(5, 82) = 12.2, p < .001, ;12 = 0.42. However, it should be

noted that P_Lex dropped in Grade 6, which corresponded to the drop of writing activities in Grade 6.

While P_Lex provided a more robust measure of lexical profile in this specific context, lexical
frequency profiles offered a more detailed depiction of the composition of vocabulary in student writing. Table
3 reports the lexical frequency profiles of students across the six years. Trend analysis revealed a significant

decrease with the percentage of the first 1,000 words, = = -0.24, p < .001, and a significant increase with the
percentage of words not in the lists, 7= 0.27, p <.0001. However, no trend was discerned from the percentages
of the second 1,000 words and the Academic words.

Table 3. Mean and standard deviation of word tokens, types, lexical frequency profiles, and P_Lex in each
student’s notes across the six years

Measures

Grade 1

Grade 2

Grade 3

Grade 4

Grade 5

Grade 6

P Lex

1.07 (0.3)

1.23(0.4)

1.95 (0.5)

1.77 (0.7)

1.76 (0.4)

1.37 (0.4)

% 1Ist 1,000 words

89.2% (2.9%)

87.1% (3.2%)

80.6% (4.4%)

82.2% (7.1%)

82.4% (3.8%)

86.1% (3.7%)

% 2nd 1,000 words

4.21% (2.5%)

6.43% (2.4%)

6.76% (2.7%)

6.82% (2.8%)

447% (2.2%)

1.53% (2.7%)

% Academic words

2.31% (1.1%)

0.54% (0.9%)

4.50% (2.7%)

2.80% (1.8%)

1.35% (1.1%)

2.72% (1.8%)

% Other words

4.28% (2.1%)

5.96% (3.0%)

8.14% (3.3%)

8.23% (6.1%)

11.8% (3.5%)

6.77% (3.0%)

Vocabulary growth across years

While P_Lex and LFP helped us determine the quality of student writing based on the percentage of different
kinds of words, we were also interested in examining students’ vocabulary growth based on the productive use
of new words, so we traced vocabulary use for each individual student, focusing on new words they picked up in
each grade.

Text mining of the entire collection of student notes over the six years revealed the following overall
distribution of terms: 1091 first 1,000 words, 331 second 1,000 words, 105 academic words, and 635 words not
in these three lists. We then traced each student’s acquisition of words in these four lists in each year. As
presented in Figure 2, the growth of word types from these four lists of words were uneven. First of all, in each
year most new words acquired by students were from the first 1,000 word list. Noticeably, the growth rate of the
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first 1,000 words was consistent across years, whereas the Academic words and words out of the lists grew more
rapidly in Grade 5 and 6. Mann-Kendall tests confirmed these trends—the first 1,000 words: == -0.16, p < .05;

the Academic words: 7= 0.12, p = .08; words out of the lists: 7= 0.26, p <.001. No significant trend was found
with the second 1,000 word list.
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Figure 1. Trend analysis of P_Lex
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Figure 2. Growth of productive vocabulary over the six years

Relationship between vocabulary growth and KB interactions
Table 4 presents the results of correlation analysis of lexical measures and Knowledge Building measures (i.e.,
note reading, writing, and revisions). First of all, lexical proficiency measures (i.e., P_Lex and percentages of
four different word categories) were not significantly correlated with the total numbers of word tokens and word
types, implying that the lexical proficiency measures we used were not significantly affected by the length of
student writing. Meanwhile, P_Lex was negatively correlated with the percentage of the first 1,000 words (r = -
.75, p < .001) and positively correlated with the percentages of words from the other three lists. These results
confirmed the validity of using these measures to assess lexical development of students in the present study.
Second, the number of total word types was correlated with note writing (» = .29, p < .001) and note
revisions (» = .42, p < .001). In addition, the vocabulary size indicated in students’ six years of writing was
found significantly correlated with all KB behaviours: reading (» = .55, p <.01), writing (» = .81, p <.001), and
revisions (» = .77, p < .001). These correlations indicated that students who write and read more in Knowledge
Forum are likely to demonstrate greater growth in productive vocabulary. Interestingly, note modification
appeared to be the most significant predictor for vocabulary growth—more strongly correlated with the yearly
growth rate of vocabulary (» = .35, p < .001) when compared with the other two KB measures. This finding
revealed a potentially fruitful linkage between idea improvement in Knowledge Building, indicated by note
revisions, and vocabulary development. Connecting with individual variations identified earlier, it would also be
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worth further investigating whether there were any student-level background variables affecting both
Knowledge Building behaviour indicators and lexical measures.

Finally, we found vocabulary growth in all four word categories positively correlated with each other,
which suggests that basic and advanced vocabulary may have developed in tandem throughout the years,
regardless their different growth rates in each year.

Table 4. Correlation analysis of lexical measures and KB behavioral indicators

Measures 1 2 3 4 5 6 7 8 9
1. Word tokens -

2. Word types 5wk -

3.P Lex .08 .09 -

4. 1st 1,000 words .00 .04 - 75k k -

5. Academic words | -.12 -.07 QTERFE - 36%** -

6. New words used | .80*** 94 Hk .04 .09 -.11 -

7. Note reading .07 A7* 16* - 151 22%* .07 -

8. Note creating 5% 9k Hk .08 -.01 -.03 23** 62 H* -

9. Note revision 23** 4k 11 -.02 .07 35k 69*H* QR Ak -

Note. + p <.10, * p <.05, ** p < .01, *** p <.001

Examples of integrated practice for literacy in knowledge building

While Knowledge Building discourse itself represents a natural literacy practice, we were still interested in
dialogues specifically focusing on acquiring new vocabulary. Content analysis of student discourse identified
plenty of such examples. In correspondence with one lower level of vocabulary learning, one cluster of
examples could be best described as “definition seeking” discussion. For example,

Student A: I need to understand: what is velocity?
Student B: Speed.

In this example, Student A might had incidentally heard the new word velocity, and the conversation
between him and Student B focused on the definition of this new concept. Such definition-seeking conversation
can extend from one term to another, and could be fruitful for vocabulary learning. As another example,

Student C: What is horizontally?
Student D: Horizontally is sideways. Vertical is up and down.

When Student D attempted to explain the definition of the adverb horizontally, they used the adjective
form of its antonym. In this case, students were exposed to rich morphosyntactic environments for learning new
words and word families.

In other cases, the definition of a word could not be easily attained; rather, meaning was achieved by
piecing together snippets of the definition contributed by more than one student. Take the following
conversation for example, neither Student F or G’s notes alone provides an accurate definition of claymore, but
each contains specific information about this vocabulary.

Student E: What is a claymore? My theory is that it is a type of [pottery] wheel.

Student F: I think a claymore was a type of big expensive sword that only the richest
nobles or “earls” owned.

Student G: My Theory [is] its a very big Scottish [sword].

The second type of literacy practice could be characterised by “active use of vocabulary” with evolving
meaning. In this case, students did not explicitly seek the definition of a word and were capable of using it in
specific contexts. However, by continually engaging with a concept, students were able to construct and
reconstruct the scientific meaning of it over an extended period of time. One interesting example from the
student discourse was the concept of “gravity.” In the Water Cycle unit during Grade 1, students mentioned the
role of gravity in the formation of rain: “Then the water droplets make clouds and when the clouds get too heavy
with water droplets it can't hold it any more so the gravity pulls all the water and it rains!” Another example:
“My theory is that it's all about gravity. The groundwater stays down by gravity!” Then, in the engineering unit
about Flight, students were engaged with gravity from a different angle: “Because the plane is so big and heavy
it is hard to reduce gravity because gravity can be taken away better if there are lighter, stronger materials.” It
was not until the Astronomy unit in Grade 5/6 when students started to clearly articulate the concept of gravity:
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Student H: How does gravity work? Is it a force in the ground that pulls you down or
something in the air that pushes you down?

Student I: I think gravity comes from the core of the Earth or the core of other planets.
Student J: How does gravity work in the middle of the earth?
Student K: Gravity is: the downward pull of the earths gravitational field. The more

gravity pulling an object the more the mass of the object is.

Student L: I need to understand: first you say that you think that you would weigh more
on Jupiter because it has more gravity and then you say that you think that
you would weigh less on Pluto because it's farther away from the sun. Are
these two different theories about how much you weigh on a planet?

These conversations highlight students’ various conceptions of gravity, as well as the gradual conceptual change
underlying their collective discourse. Over the course of six years, even though few explicit efforts were made
to define gravity, students were able to use this term in meaningful ways to support explanations in their
Knowledge Building work.

In summary, as students progressed through the grades, they demonstrated considerable literacy
practices in Knowledge Building through their reading, writing, and revision activities in KF. Knowledge
Building also enabled students to engage with vocabulary in sophisticated ways, representing different types of
literacy practice. Connections between vocabulary knowledge and scientific understanding could be observed,
which point to the notion of vocabulary knowledge—knowledge about word meanings—being a subset of
general knowledge (Nagy & Herman, 1987, p. 28) and the richness of the Knowledge Building approach
towards literacy development.

Conclusions and implications
This study explored the development of productive vocabulary in a group of Knowledge Building students
across the elementary school years. Results of lexical analysis indicated that students tended to produce more
tokens, more unique word types, and text with an increasingly higher proportion of infrequent words with every
year. In the absence of a control group, one may argue that this phenomenon simply reflects the natural
cognitive development of school children. However, correlation analyses between lexical measures and
Knowledge Building behavioural indicators identified significant correlations between students’ productive
vocabulary size and reading, writing, and revisions on Knowledge Forum. Moreover, note revisions emerged to
be the strongest predictor of the rate of vocabulary growth in each year. Further content analysis uncovered
interesting moments when vocabulary learning happened naturally through Knowledge Building discourse.
Overall, the present study highlights the potential benefits of Knowledge Building for vocabulary growth. Our
findings support the socio-pragmatic and sociocultural notion that the acquisition of new vocabulary is more
meaningful in authentic social contexts, in our case, the KB classroom. When cognitive responsibility is handed
over to students, not only do they willingly help one another in grappling with new vocabulary, they also do so
successfully. Instead of waiting for the teacher to provide them with a new vocabulary list, students sought out
new words to learn as they worked toward improving their community knowledge; students collectively owned
their vocabulary. In other words, vocabulary learning is an authentic and integrated practice of KB. Sustained
work with ideas and knowledge advancement led to the progressive growth of the students’ collective lexicon.
Of special interest to the authors is the potential of applying lexical indicators in the development of
future Knowledge Building analytics, so that individual and collective conceptual development could be
detected. Previous work has highlighted this link between literacy skill and knowledge advancement in
Knowledge Building (Zhang & Sun, 2011). Future work should seek to model knowledge advancement in the
current dataset, as well as devise new analytic tools dedicated to literacy learning in Knowledge Building.
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Abstract: Online digital gaming environments have been proposed as an important form of
computer-supported collaborative learning, but these environments have been shown to
marginalize some learners, most notably women or girls, as well as ethnic or racial minorities.
Furthermore, game-based competencies and identities have been shown to be important for
digitally-mediated learning activities and trajectories in computer science and technology. In
this paper we look at how supportive communities can improve resilience by mitigating
stereotype threat, and thereby helping to protect vulnerable groups from the negative effects of
implicit and explicit bias in gaming culture and game-based learning activities. Our findings
demonstrate that a female-supportive gaming community can foster equitable gaming
identification and self-concept, and we propose that similar models can be used with other
marginalized groups (i.e., ethnic/racial minorities).

Keywords: online gaming, digital games, gender, race, ethnicity, stereotype threat, social identity
theory, communities of practice, informal learning, interest-driven learning, 21* century learning

Introduction

Gaming has often been cited as inequitable in its social practices, particularly for females. In an era where
informal learning spaces and communities are increasingly contributing to meaningful skill development,
domain identification and learning trajectories, understanding the ways these spaces can be inclusive to certain
learners and marginalizing to others becomes increasingly important in meeting equity goals. This paper builds
off of previous work that explores the interrelationship between social experiences in online gaming and its
effects on the investment, self-perceptions of domain competency (i.e., gaming ability), and the social practices
of gamers, across gender (Richard, 2013a; Richard & Hoadley, 2013). Specifically, we focus on the role that
online gaming communities play as a form of computer-supportive collaborative learning.

We begin by focusing on the mitigating and mediating negative social practices in online spaces, and
how supportive communities can be protective for vulnerable players (namely, female and ethnic minority
players). We first examine how gaming activities can support learning, as well as marginalize certain
sociocultural identities. We then explore the relationship amongst community perceived support, gaming
identification and gaming self-concept to see how identity supportive participation structures can play a role in
fostering resiliency against stereotype threat for marginalized groups (i.e., whether female-supportive
communities can level the playing field for women). Finally, we discuss the findings in light of creating
inclusive and equitable spaces for computer supported collaborative learning.

Gaming communities as spaces of learning and practice

Literature continues to demonstrate that digital, mediated and online spaces offer opportunities for learning and
developing interest-driven competencies, and emerging and necessary 21% century literacies (e.g., Gee, 2004;
Halverson, 2012; Hayes & Duncan, 2012; Ito, et. al, 2010; Jenkins, Clinton, Purushotma, Robinson & Weigel,
2006; Kafai, Peppler & Chapman, 2009; Squire, 2011; Thomas & Brown, 2011). Much has been written about
how “affinity” spaces can not only be models for education through interest-driven learning within authentic
contexts, but can also serve as learning environments themselves where applied and authentic expertise forms
through learning with others (e.g., Gee, 2004; Hayes & Duncan, 2012). Increasingly, online multiplayer game
environments are being used as exemplary models of authentic learning communities from which motivation
can be fostered (e.g., Dickey, 2007), and collaborative and constructivist learning has been documented (e.g.,
Squire, 2011; Steinkuehler, 2004; Steinkuehler & Duncan, 2008; Voulgari & Komis, 2010).

Capitalizing on gaming communities as learning spaces raises questions about who can benefit from
such spaces. Access across gender, in particular, is an area of concern that has been raised over the past 30 years
(e.g., Bryce & Rutter, 2003; Kiesler, Sproull & Eccles, 1985; Yee, 2008). Researchers have, on the one hand,
looked to the motivation games produce as a potential technique to engage learners. But, on the other hand,
researchers have also noted the wide disparity of who is present in these game-based affinity spaces as they
currently exist. In the next section, we explore the issue of gender and access to gaming.
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Games, gender and marginalization

Early work that sought to understand why women or girls were not playing and participating as much or in the
same way as men or boys thought game themes were male-oriented, and felt that females wanted less difficult
games or more whimsical themes (e.g., Morlock, Yando & Nigolean, 1985; Wilder, Mackie & Cooper, 1985).
Related work proposed that females and males have different learning styles and prefer certain design elements,
a popular concept shared by many game designers (e.g., Braithwaite & Shreiber, 2009; Ray, 2004; Schell, 2009).
Later work examined more culturally constructed models of gender in the context of gaming (e.g., girls have
been taught to like certain games) citing the influence of culture, access and experience (e.g., Carr, 2005;
Dickey, 2006; Taylor, 2008).

If gaming is to be used as a context for promoting learning (whether technology-oriented learning or
more self-directed learning as with affinity spaces), we certainly should consider both the differences of learners
across different sociocultural experiences, along with overarching cultural assumptions. But, these issues may
not be the most important factor in determining who has equitable access to these learning spaces. As asserted
by Lave and Wenger (1991), learning in communities of practice is contingent on power relations. Similarly,
related research (e.g., Goode, 2010; Margolis & Fisher, 2002) has documented the role that differential
gendered expectations and support around computing — including playful experimentation fostered through
gaming (Cassell & Jenkins, 1998; Kiesler, Sproull & Eccles, 1985) - from early ages and beyond contribute to
the gender gap in computing and technology. This bears the question of whether women and girls are able to
develop identities of learning within the power dynamics of gaming culture.

A long line of research on gender and games demonstrates that females often don’t have the same
efficacy as males when it comes to digital games and game culture. However, newer research is finding that
gender differences in abilities and perceived abilities were often diminished once females had the opportunity to
train and engage in gaming (e.g., Feng, Spence & Pratt, 2007; Jensen & deCastell, 2011). Furthermore, research
highlights that the ways games and game marketing portray the social context around gender and ethnicity can
have measurable, negative effects on players’ sense of who belongs in gaming and virtual environments, which
often precludes women and girls (e.g., Behm-Morawitz & Mastro, 2009) and racial or ethnic minorities (Dill &
Burgess, 2012). Similarly, lack of diversity and representation can have similar effects on efficacy for
marginalized gamers (e.g., Lee & Park, 2011). Research also demonstrates that females and racial/ethnic
minorities are likely to have lowered domain self-concept when presented negative stereotypes or marginalized
representations of their respective groups, which is often the case (e.g., Behm-Morawitz & Mastro, 2009;
Williams, Martins, Consalvo & Ivory, 2009). For example, Williams, et. al. (2009) found that male characters
and White characters, respectively, each made up over 85% of primary characters, and many game types did not
have any representational diversity.

Furthermore, most play spaces, in the home or in public gaming environments (e.g., the arcade or
gaming conventions), are often structured around gender dynamics, such that males were given more agency to
demonstrate their abilities and authority (e.g., Bryce & Rutter, 2003; Kiesler, Sproull & Eccles, 1985). Online
spaces are similarly mediated by male experience (Yee, 2008), which forces some females to hide their gender
when playing online. However, this is increasingly difficult with the rise of voice-based gaming communication
(Richard, 2013b; Gray, 2012) and profile stalking, the act of looking up ones’ online identity (Richard, 2014).
Recent work has found that females as well as ethnic/racial minorities are often victims of harassment (Gray,
2012; Richard, 2013c; Richard, 2014) and females are three times more likely to experience harassment when
using voice-based chat online regardless of skill (Kuznekoff & Rose, 2013). All of these factors show support
that online gaming may negatively affect the amount of investment and self-concept female and ethnic minority
players have with gaming, as well as their ability to engage equitably in online social play.

Mechanisms of marginalization

Both stereotype threat (Steele & Aronson, 1995; Steele, 1997) and social identity theory (Tajfel & Turner, 1986;
Eccles, 2005) address how identities form in relation to sociocultural experiences, which can support or inhibit
identification with certain fields, domains and aspirations. Stereotype threat, in the short term, can cause stress
for individuals stereotyped to underachieve in a domain, which limits their working memory and inhibits their
performance when triggered. It can be triggered overtly (e.g., through harassment) or ambiguously (e.g., male-
oriented themes or advertising). Over time, stereotype threat and unsupportive learning climates can lead to
domain disidentification (Steele, 1997; Picho & Stephens, 2012). For example, groups frequently stereotyped
with underperformance in math or science will eventually disidentify with that area, and choose not to engage in
relevant learning and performance activities (Hill, Corbett & St. Rose, 2010; Steele, 1997; Spencer & Aronson,
2002). In studies where stereotype threat was measured in computer and technology environments, researchers
found that females were more likely to attribute failure to their own technical inabilities than males in general
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and females not in a stereotype threatening situation (Koch, Muller & Sieverding, 2008). Researchers have
found that marginalized gamers are more likely to not identify with gaming, and efforts for targeted
representation don’t rectify this issue (Shaw, 2012). For most marginalized gamers, the exclusivity of game
culture seems to be a greater barrier (Richard, 2013b; Shaw, 2012).

In other words, when we see studies that highlight female distaste and eventual disidentification with
computer and technology careers and interest-driven trajectories (e.g., Anderson, Lankshear, Timms &
Courtney, 2008), we may be witnessing the byproduct of both culturally constructed dissonance and stereotype
threat disidentification. Essentially, these kinds of studies highlight the interrelationship between context and
identification with competencies and associated careers. In short, it may be that there is gender inequity in
online games due first to sociocultural practices (i.e., male-oriented design, and differential female support to
play), and then the harassment and marginalization that results due to the incongruence between social identities
and expectations in the play space, which can both invoke stereotype threat. This, then, causes females to
disidentify and either leave the domain or to face difficult compromises such as self-misrepresentation
(pretending to be male), disidentification with their marginalized stereotype (disidentifying as female), or
simply enduring mistreatment. In fact, Richard (2013a) found that stereotype threat vulnerability is indeed
higher for females and ethnic/racial minorities in digital gaming.

Environment .
(Protective?) ‘*[ Resiliency ]

Domain

(Gaming,
Technology) 21st
Self-Concept Lcelell’y
Cultural Bias Situational Digital Saming
Lu?tlpna Gender / Ethnic (& Gaming) 3
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Learning
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Figure 1. Logic Model of how environmental factors affect identification, self-concept and interest-driven
learning trajectories, as well as the role of protective environments and resiliency in mitigating those outcomes.

Supportive spaces and fostering resiliency

Not all individuals will be subjected to or similarly vulnerable to stressors (like stereotype threat) or positive
influences. However, researchers caution that, even though most individuals exhibit strong resiliency against all
odds, positive role models and environments are especially important in mitigating negative stressors and
resulting negative outcomes for vulnerable groups (Benard, 2004). Protective environments have been found to
have “particular importance when adversity levels are high” (Werner, 2013, p.99). Positive educational climates
and teachers have been found especially helpful because they serve as sources of support and role models for
learners, sometimes in place of other caring structures or individuals (Benard, 1993).

Protective processes have been seen to “counteract the harmful effect of stressors (such as educators
providing normative coping strategies for students during school transitions...)” and protective enhancing
processes strengthen an individual’s capacity to manage stressors on their own (Reyes, Elias, Parker &
Rosenblatt, 2013, p. 351). Since protective environments and interventions can only extend so far, aiding
individuals in developing their own coping strategies has been seen as especially useful for long-term outcomes
beyond the supportive structure or intervention (Werner, 2013).

To summarize, interest-driven and informal learning operates within sociocultural context, which can
shape the kinds of learning trajectories individuals will eventually invest and partake in, as outlined in figure 1.
One successful approach to leveling the playing and learning field is to train people to be resilient and provide
both safe havens and skills that allow individuals to resist the negative effects of stressors.

Supportive community as a model of interest-driven learning and resiliency

In this study, we further explore a longstanding explicitly female-supportive (yet co-ed) gaming community,
named PMS Clan. Our work (Richard, 2014; Richard, 2013a; Richard & Hoadley, 2013) underscored the level
of investment required by this community. While skill is not a requirement to join, many members train with
highly skilled players who compete in tournaments, and can go on to compete in tournaments, or just play with
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the community in low-stakes online matches during practices. Telling of its success with this model, female
members of this community are some of the most visible females in the professional gaming circuit. As further
discussed in Richard (2014), community structures reinforced learning as central to the community, through its
highly regulated practices and emphasis on bettering skills and mastery. Members must practice and play with
the community at least four hours a week.

However, participating in the community is also a tale of resiliency. As a central component of the
community’s mission, and a regular part of practice activities when playing in the community together online
against random opponents, members are taught to cope with the kinds of regular and negative behavior they are
subjected to. As part of membership, individuals not only are required to be respectful and supportive of
marginalized groups (females, ethnic minorities and LGBTQI players) but are also taught to be good sports in
the face of adversity, and use their fellow members as sources of venting and support after matches (see,
Richard, 2014). In this sense, the community serves a protective process and protective-enhancing process.

Method

In past studies, we found (Richard & Hoadley, 2013) that members of this female-supportive community
exhibited higher gaming identification and self-concept than members of other communities. Female and male
members in the female-supportive community were equal in their gaming identification (in other communities,
gaming identification was significantly higher for males than females). Here, we seek to further understand the
relationship between communities, and their structures on members’ identification and sense of ability.
Specifically, what is the role of member perceived support, and community structures, and which is the best
predictor? The research questions explore herein are: What is the relationship between community perceived
support, gaming self-concept and gaming identification? If the possible effect of community is controlled for,
can community perceived support predict gaming self-concept and gaming identification?

Measures

The survey was one part of a larger, mixed-methods study (with surveys, interviews and ethnographic
participant observation) on gaming experience, online communities, and learning-relevant outcomes conducted
primarily between 2009-2012 (Richard, 2013a). The two measures reported here were derived from the
Perceived community support questionnaire (PCSQ) (Herrero & Gracia, 2007) and the Social Identities and
Attitudes Scale (SIAS) (Picho & Brown, 2011). The PCSQ is made up of three scales, which assess three
aspects of community support. Community integration measures sense of belongingness and identification to a
community, community participation measures how much one is involved in social activities in the community,
and community organization measures the degree of support a respondent perceives. Items were measured on a
5-point Likert scale from (1) strongly disagree to (5) strongly agree. Only two measures from the SIAS are
analyzed in this study: domain (gaming) identification and self-concept. Both of these measures were used in
past studies to assess the role of communities in shaping identification and self-concept, across gender. The
PCSQ was revised slightly to reflect gaming communities instead of general community organizations, and to
account for some wording that didn’t make sense in translation from Spanish. The original scale demonstrated
good internal consistency for the overall scale (o0 > .85) and its subscales (a0 > .75). Reliability analysis was run
for the revised PCSQ, which demonstrated high internal consistency for the overall scale (o = .92) and its
subscales for community integration (o0 = .76), community participation (o = .86) and community organization
(o= .84).

Participants and context

Participants were self-identified game players, 18 or older (due to human subjects constraints), who responded to
calls for participation, widely disseminated across several gaming communities, including the female-supportive
one, and some social networks associated with the researchers’ institution, located in the Northeastern United
States.

Data analysis

The Pearson product-moment correlation coefficient was used to evaluate the relationship between perceived
community support, gaming self-concept and gaming identification for female-supportive community (FSC) as
compared to other communities, since the FSC demonstrated higher levels of gaming self-concept and
identification in general over other communities in previous analyses (Richard & Hoadley, 2013). Preliminary
analysis were performed to ensure that there weren’t violations of the underlying assumptions of normality,
linearity and homoscedasticity. Results demonstrate that for individuals in communities other than female-
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supportive one, the PCSQ has a significant positive relationship with gaming identification (» = .33, n =39, p =
.04); the subscale community participation has a significant positive relationship with gaming identification (» =
33, n = 39, p = .04) and gaming self-concept (r = .34, n = 39, p = .04); and the subscale community
organization has a significant positive relationship with gaming identification (» = .36, n = 39,p = .02). There
were no significant relationships between the PCSQ or its subscales in the FSC. Table 1 contains the Pearson
product-moment correlations, divided by community membership, across gaming identification, gaming self-
concept, the PCSQ and its subscales.

Table 1. Correlations, divided by community membership

Female Supportive (FSC) Other communities
Measure 1 2 3 4 5 6 1 2 3 4 5 6
Gaming Identification - A2 022 0.13 0.23 0.18 | - .76 =+ 33* 0.17 32% .36%
Gaming Self-Concept - 0.002 -0.04 0.05 -0.04 - 32% 0 0.26 .34% 0.17
PCSQ - B8urx 8Qwar B - R K I
Community Integration - 63wer TS - 62w Qe
Community Participation - ST - T L
Community Organization - -

*p <.05, *p<.01, **p<.001 (2-tailed)

The correlations demonstrated that perceived community support, as measured with the PCSQ, has a
significant positive relationship with gaming identification, particularly for members of communities other than
the female supportive one. Further, the subscale community participation and gaming self-concept had a
significant positive relationship for members of communities other than the FSC. However, there appeared to be
no significant relationship between perceived community support and gaming identification or self-concept for
members of the female-supportive community. As a result, we found it important to investigate whether
community perceived support predicted gaming identification or self-concept over and above community
membership.

A hierarchical linear regression was first run on gaming identification (table 2), which previously
demonstrated the strongest positive relationship with the PCSQ and its subscales, with community membership
(FSC or other community) put in the model first, followed by the subscales of the PCSQ. Using Cohen’s (1998)
criteria, the table of correlations show that gaming identification has a medium positive correlation with the
female-supportive community membership (» = .42, n = 103, p <.0001). The table of correlations further
showed that community participation and community organization had small positive correlations with gaming
identification, » = .26, n = 103, p <.01, and r = .27, n = 103, p <.01, respectively. There wasn’t a significant
correlation between community integration and gaming identification, » = .04, n = 103, p <.35.

Community membership was entered in step 1 and explained 17.7% of the variance in gaming
identification, F' (1, 101) = 21.68, p < .0001. After entering the subscales of the PCSQ into the model in step 2,
the total variance explained by the model increased to 26.6%, F' (3, 98) = 8.86, p <.0001. Examining the change
in the model, it is evident that the addition of the PCSQ subscales explained an additional 8.9% of the variance,
R square change = .89, F' change (3, 98) = 3.95, p= .01 (see table 2). However, in the final model, only
community membership was statistically significant (beta = .36, p < .0001), though community participation
(beta = .22, p= .057), and community organization (beta = .24, p = .07) were reaching significance. Based on
the results, we can conclude that perceived community support doesn’t statistically significantly contribute to
gaming identification after controlling for the influence of community. In other words, community membership
contributes more significantly to gaming identification than perceived community support within the
community does.

A hierarchical linear regression was then run using the same process on gaming self-concept (see table
2), by first entering community membership in step 1 followed by the subscales of perceived community
support. The table of correlations show, once again, that gaming self-concept has a small positive correlation
with female-supportive community membership (» = .27, n = 103, p <.01). It also further shows that community
participation has a small yet positive correlation with gaming self-concept ( = .17, n = 103, p = .04). FSC
membership was first entered into the model in step 1 and explained 7.4% of the variance in gaming self-
concept, F (1, 101) = 8.01, p < .01. After entering the subscales of the PCSQ into the model in step 2, the
variance explained increased to 10.2%. However, while the model as a whole is significant, ' (3,98) =2.8,p =
.03, the change in R square is not, indicating that the subscales of the PCSQ do not explain the additional
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variance in gaming self-concept, R square change = .03, F change (3, 98) = 1.03, p = .38. In other words, the
subscales of the PCSQ do not add significantly to gaming self-concept, after controlling for gaming community
membership. Gaming community membership remains the stronger predictor of gaming self-concept, though
the entire model only explains a small amount of the variance.

Table 2: Left: Linear model of predictors of gaming identification, with 95% confidence intervals in parenthesis.
Right: Linear model of predictors of gaming self-concept, with 95% confidence intervals in parenthesis.

b SEB B p b SE B B p
Step 1 Step 1
Constant 4.94 0'91 3 p <.001 | Constant 5.46 0'312 p <.001
(4.67,5.22) (5.21,5.70)
Community 0.82 Community 0.44
Membership 0.18 042 p<.001 | Membership 0.16 027 p<.01
(FSC or other) (47, 1.17) (FSC or other) (.134,.754)
Step 2 Step 2
Constant 3.53 0.55 p <.001 | Constant 4.86 0'550 p <.001
(2.45,4.62) (3.86, 5.87)

Community 0.7 Community 0.43 026
Membership 0.18 036 p<.001 | Membership 0.17 4 p=.01
(FSC or other) (:33, 1.06) (FSC or other) (093, .766)

i -0.24 - i -0.024
Community 0.18 p=.1g | Community 017 002 p=89
Integration (-.61,.117) 0.19 Integration (-.358, .310)

i 0.29 i 0.213
Community 015 022 p=.057 | Community 014 %19 o3
Participation (-.01, .59) Participation (-.064, .491) 4

i 0.32 i -0.03
Community 0.18 024 p=.069 | Sommunity 0.16 -0.03 p=.86
Organization (-.026, .67) Organization (-.352, .292)

Note. R’ =.177 for Step 1; AR’ = .089 for Step 2 (p = .01) Note. R’ =.074 for Step 1; AR’ = .028 for Step 2 (p = .38)

Discussion

The statistical results indicate that the holistic measure of perceived community support has a significant
positive relationship with gaming identification and the subscale of community participation had a significant
positive relationship with gaming self-concept, if, and only if, one were in communities other than the female
supportive community. There was not a significant relationship between perceived community support or any of
its separate sub-scales with gaming identification or self-concept for individuals in the female supportive
community. However, membership in the female supportive community positively predicts higher gaming
identification and self-concept than does perceived community support. In other words, while members of the
female supportive community may not perceive it as supportive, membership in the community contributes over
and above general support. One interpretation for these results is that the community provides structures other
than perceived support that help with fostering resiliency and increasing identification and efficacy. One
possibility is the presence of role-models that defy stereotypes of female inability in gaming spaces (since the
community contains multiple highly ranked and professional female gamers); another possibility is that its
tactics for providing a structured way to deal with harassment online while playing with the community, which
involves reporting and muting negative players, while maintaining sportsmanship (Author, 2014), could be
scaffolding and modeling a healthier way to deal with threat. As a result, players could have positive structures
to help build investment, confidence, identity and ability.

Conclusion, limitations and future directions

The emergence of learning through affinity spaces holds much promise. The voluntary nature and authenticity
of such spaces has led many to observe profound learning taking place that would be challenging to provide in
formal learning contexts, and the degree of personal identification and identity development with affinity spaces
like gaming cultures may lead to this learning being more impactful for the participants than learning which was
driven by others’ interests. However, the dark side of affinity spaces is that they may be marginalizing to certain
groups. While prior research has focused on the way that designed elements of such spaces may marginalize or
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fail to attract women and girls (and may also have tried to identify ways to design segregated spaces for women
and girls), these approaches treat marginalization as a byproduct of the differences in the marginalized groups.
In short, they treat inequity as a woman’s problem, rather than a culture problem. Still, cultures can be changed,
in part through leadership and the presence of diverse role models. Minority role models have to come from
somewhere; often the most resilient among marginalized groups are the ones who can succeed. This work
demonstrates that one important technique for changing cultures that perpetuate inequity is to create learning
sub-communities that help protect the marginalized and train for resilience. While this paper has focused on the
role this distinct female-supportive community has played in supporting the resilience of female players, we
also have anecdotal evidence that the same community provides support for other marginalized groups,
including ethnic, racial, and sexual minorities (see, Richard, 2013a). This suggests that resilience-oriented
communities can be protective of many groups, and that such protective communities may in fact be able to
contribute to culture change more generally towards tolerance and/or achievement in the face of adversity.

In CSCL and the learning sciences, the need for facilitation and the importance of cultural assumptions
in equitable participation in collaborative learning have been well documented for many years (for example, Hsi
& Hoadley, 1997; Hoadley, 2002; Lee & Hoadley, 2006). However, responses to these needs has been primarily
to focus on improving the designed environment and/or overlaying tools. This work shows that treating
resilience as an important learning outcome, and the intentional creation of protective communities, is another
viable technique. While this study only looked at female-supportive communities, it offers implications for
identity-supportive communities across sociocultural experiences. Richard (2013a) has found that ethnic/racial
minorities, in particular, are similarly vulnerable to stereotype threat in gaming. A future direction of this work
would be to explore its efficacy for members of other marginalized groups, such as ethnic/racial and sexual
minorities. Moreover, further research is needed on how such communities accomplish their protective role,
how this role may or may not extend beyond the practice fields in which the communities function, and how to
dissect what aspects of equity, or inequity, may be attributed to designed environments vs. the cultures that
spring up in those environments.
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Abstract: This paper presents data from one cycle of a design based research process in
which we grapple with challenges in engaging students in more intensive discussion based
interactions in Massive Open Online Courses (MOOCs). We compare across three
communication media provided to students in that context in terms of relative popularity and
overlap in student sub-populations. We also compare the communication between these
contexts in terms of their content focus, concentration of reasoning articulation, and the
interaction between the two. This comparison allows investigating the specific contribution of
synchronous collaboration in a MOOC, which is relatively novel. The analysis suggests that
there is value in providing a diverse set of discussion contexts in that they may lend
themselves to differently natured interactions, but that it creates a need for greater efforts
towards effective bridging between media and channeling of students to pockets of interaction
that are potentially of personal benefit.

Keywords: discussion affordances, massive open online courses, reasoning

Introduction

As the field of online education increases its focus on delivery of effective instruction at massive scale as in
Massive Open Online Courses (MOOCs), we become more painfully aware of teaching resources as a limited
commodity. Analyses of attrition and learning in MOOCSs both point to the importance of social engagement for
motivational support and overcoming difficulties with material and course procedures (Breslow et al., 2013).
Furthermore, we learn from the field of Computer Supported Collaborative Learning (CSCL) that with proper
support, students can learn substantially from their interactions with other students (Fischer et al., 2013).
However, the reality of current content-focused xXMOOCs, such as the typical MOOCs offered through
Coursera, edX, and Udacity, is that opportunities for exchange of ideas, help and support are limited to threaded
discussion forums, which are often not well integrated with instructional activities and as a result lack many of
the qualities identified as reflecting instructionally beneficial interactions from prior work in the field of CSCL
(Rosé et al., 2014). In contrast, constructivist MOOCs, or cMOOC:s, typically provide an eclectic variety of
affordances for social interaction including blogs, Twitter communication, email, Facebook study groups and
others, with the idea that students should have the freedom to find a context for learning socially within this
variety that they feel comfortable with, which may be effective for engendering a wider variety of discourses
contextualized within the learning and therefore meeting different instructional needs (Siemens, 2005; Smith &
Eng, 2013). One downside of this approach, however, is that many students find the variety disorienting and
anxiety-inducing, especially those who lack appropriate self-regulated learning skills.

This paper presents data from one cycle of a design based research process in which we grapple with
these trade-offs as we seek effective practices for incorporating theory-motivated discussion based learning
opportunities in MOOCs. Specifically, we aim to import from the field of CSCL insights into the specific
affordances for instructionally beneficial conversational interaction offered by alternative online discussion
contexts as well as insights into what might be productive strategies for moving among them so that appropriate,
integrated support and guidance for students could be designed and offered. In the first cycle within this
iterative process, which we report on in this paper, we have developed two interventions to address specific
limitations we have seen in the current generation of xMOOCs, and then deployed them in a recent edX MOOC.
In the remainder of the paper we describe the prior work that motivated the design of these interventions. We
then present our deployment effort and the interpretation of the data that has been collected during the first two
weeks of this edX MOOC that provides the context for our study. Finally, we conclude with plans for next steps
in the iterative design based research process.
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Foundational work

The central means of communication provided by many courses is still the traditional web forum. Nevertheless,
Web 2.0 technologies provide diverse opportunities for discussion in MOOCs, some of which have been utilized
in that context. However, so far there is no coherent vision for seamless, effective integration of these
technologies with MOOC based instruction. Instead, social communication in MOOCs, as in the web in
general, is both eclectic and highly fragmented. For example, it is almost a given that for typical MOOCs,
several groups in social networks such as Facebook or Google+ are created and sometimes actively maintained
by the student population, but much more frequently quickly abandoned. Twitter is another social media outlet
that is sometimes used in MOOCs, more often in cMOOCs than xXMOOCs, which is mainly used as a broadcast
medium but also exhibits instances of short public discussions. Discussion may also take place in connection
with blog posts. This eclectic organization leaves students not having a clear picture of where to go to engage in
discussion that interests them (Smith & Eng, 2013).

Most agree that social interaction in general and discussion in particular is not a major portion of the
experience the majority of MOOC students have. Nevertheless, the inner workings of student experience in that
context has been investigated in early work on MOOCs. Recent work studying social interaction in MOOCs has
focused on identifying factors associated with attrition rather than learning (Wen et al., 2014a; Wen et al.,
2014b; Yang et al., 2014). The motivation for this work is that scarce human resources could be channeled to
where they are most needed, or augmented with automated forms of just-in-time support, that might enable
students to persist in the course through times of elevated vulnerability. These hypotheses about what factors
would ultimately flag students at risk have been validated by utilizing a statistical analysis technique referred to
as survival analysis, which has been used to gauge the impact of time variant factors on dropout in other types of
online communities (Wang, Kraut, & Levine, 2012). Factors that have been successfully modeled through
discourse analytics, and which have been validated as significant predictors of dropout using survival modeling,
include motivation and cognitive engagement (Wen et al., 2014a), student attitudes towards course affordances
and tools (Wen et al., 2014b), satisfaction with help received, and relationship formation and loss (Yang et al.,
2014). Of all of the factors explored so far, the most dramatic impact on attrition was related to relationship
formation and relationship loss in the MOOC discussion forums, even though the students who participate in
those forums are among the most highly committed to the course to begin with.

In these results we find support for the importance of community, and evidence of the potential positive
impact of work towards integration in the community, and engagement in joint meaning making towards deeper
engagement with the course materials. If students drop out of a course early, no matter how valuable the
instructional materials are, students will not have the opportunity to benefit from them. Beyond issues of
attrition, the literature on discourse analytics in the context of MOOCs also views conversational interactions
from the standpoint of what is valuable for learning. Across many different frameworks for characterizing
discourse patterns associated with successful collaborative learning, the idea of eliciting articulation of
reasoning and idea co-construction is a frequent central element (Chan, 2013; Chin & Clark, 2013; van Alst,
2009). Thus, in our work it is a specific goal to provide affordances for engaging in this behavior through
scaffolded synchronous collaboration, which is novel in a MOOC context. In contrast to other studies
comparing features of communication across media (Meyrowitz, 1998; Watson-Manheim & Balanger, 2007),
the goal of our specific investigation is to understand how MOOC students in a platform that includes choices in
where to engage in discussion, choose to engage differently in learning relevant practices such as articulation of
reasoning and help exchange across communication media.

MOOC design

Building on the understanding gained through analysis of conversational interactions in a wide variety of
instructional settings, interventions have been developed and successfully deployed in both classroom and
online settings that support effective collaboration and learning in those settings. In this section we describe two
interventions designed to provide opportunities for discussion based learning. While one of the interventions
focuses on help exchange, the other focuses on collaborative reflection. Both interventions were deployed in a
nine week long MOOC on Data, Analytics and Learning (DALMOQOC) that was offered on the edX platform
between October and December 2014 with a total of 20,991 registered students. Our analyses are focused on the
first two weeks of the course since that was the time of most intensive usage of the conversational interventions.

The Quick Helper

The first intervention, called the Quick Helper, is designed to support help seeking as well as increase the
probability that help requests will be met with a satisfactory response. While virtually all MOOC:s offer threaded
discussion affordances where students can post help requests, some students are reticent to ask for help, and
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even when students do post help requests, many of these requests go unanswered. Our help seeking intervention
connects students, whose questions may go unresolved, with student peers who may be able to answer their
questions. The Quick Helper is continuously available to students by means of a button. When they click, they
are guided to formulate a help request. The help request is posted to the DALMOOC discussion board, and the
text and metadata are forwarded to our Quick Helper system. Using this help request, a social recommendation
algorithm selects three potential help providers from the pool of student peers. The student is then given the
option to invite one or more of these potential helpers to their thread as shown in Figure 1. Once selected, an
email with a link to the help request thread is then automatically sent to the selected helpers inviting them to
participate in the thread. In the first two weeks of DALMOOC, 77 unique students elected to use our Quick
Helper system approximately 127 times. Further discussion of our initial interventions applied to Quick Helper
and its results are out of the scope of this paper.

These students are good matches for answering you

question. Would you like to invite any of these potential [ Sudert s ordtedsamsen sz [ St BR1sPM
helpers to your discussion thread via private message?
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Figure 1. A screenshot of the helper selection in Quick Helper (left) and the Bazaar Collaborative Reflection chat (right).

Bazaar Collaborative Reflection

A second intervention, referred to as Bazaar Collaborative Reflection, makes synchronous collaboration
opportunities available to students in a MOOC context. Research in Computer-Supported Collaborative
Learning has demonstrated that conversational computer agents can serve as effective automated facilitators of
synchronous collaborative learning (Dyke et al., 2013). However, typical MOOC providers do not offer students
opportunities for synchronous collaboration, and therefore have not so far benefitted from this technology.
Students click on our Lobby program and are matched with one other student that is also logged in to it. Once
matched, they are provided with a link to a chat room where they can work with their partner students on a
synchronous collaboration activity, supported by a conversational computer agent. This work builds on earlier
findings from a series of studies where a Computer Facilitator has improved learning during collaboration (Dyke
et al., 2013; Adamson et al., 2014).

In order to gain a deeper understanding of the problems that may arise from synchronous collaborative
activities in MOOCs, we integrated a collaborative chat environment with interactive agent support. In order to
facilitate the formation of ad-hoc study groups for the chat activity, we make use of a simple setup referred to as
a Lobby. Students enter the Lobby with a simple, clearly labeled button integrated with the edX platform. In
order to increase the likelihood of a critical mass of students being assigned to pairs, we suggested a couple of
two hour time slots during each week of DALMOOC when students might engage in the collaborative activities.
These timeslots were advertised in weekly email newsletters. However, the chat button was live at all times so
that students were free to attempt the activity at their convenience.

Upon entering the lobby, students are asked to enter the name that will be displayed in the chat. When
successfully matched with another learner, the student and their partner are then presented with a link to a chat
room created for them. If another student does not enter the Lobby within a couple minutes, they are requested
to return later. A visualization is presented to the student that illustrates the frequency of student clicks on the
button at different times of the day on the various days of the week so that they are able to determine the best
time to return. Students enter the synchronous chat room via the link, and interact with each other as well as a
conversational agent who appears as a regular user in the chat, as shown in Figure 1. This chat setup has been
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used in earlier classroom research (Adamson et al., 2014). In our initial investigation in DALMOOC, we make
use of statically scripted agents who guide the students through course-related discussion questions but future
investigations may include agents that dynamically react to the students as in our earlier work (Dyke et al.,
2013; Adamson et al., 2014).

Method

The goal of our analysis is to compare across three communication media affordances for help exchange and
collaborative reflection. Since the first week of the course may be anomalous due to students getting oriented to
the organization and material, we sampled from two different weeks. We avoided sampling from the same
students in the two weeks as much as possible in order to minimize any statistical dependencies between weeks.

Data

Table 1: Descriptive statistics over sampled communication data for analysis

Unique Students Units Messages Words
Bazaar (weekl) 42 38 242 6,069
Bazaar (week2) 42 37 377 3,124
Forums (week1) 124 200 200 8,108
Forums (week2) 101 200 200 13,401
Twitter (week1l) 77 100 100 1,663
Twitter (week2) 73 100 100 1,740

For our analysis we sampled from communication data in three streams, namely, the Bazaar chats, the Forum
posts, and the Twitter tweets. It was our goal to sample in a way that would give us broad exposure across
students and weeks in an unbiased way. From the discussion forums, we randomly sampled 200 posts per week
after filtering out any messages posted by instructors or staff. Tweets have been collected using the TAGS
Twitter Archiver, which was configured to retrieve all tweets containing the #dalmooc hashtag that identifies
tweets pertaining to the course. In interest of broad sampling, for each user, we kept at most two tweets and
removed all tweets by instructors or staff. We also removed duplicates and retweets. From the resulting set of
tweets, we selected 100 contributions per week. For the chat data, in order to identify a unit with approximately
as much content as the discussion posts, we chose as a unit of analysis a chunk of conversation occurring
between two agent prompts, where each of these agent prompts was designed to start a new topic of
conversation. Within each chunk, we considered all of the contributions belonging to the same speaker as a
single unit, although we interpreted it within context. In interest of broad sampling, we chose to sample one
chunk per chat transcript and disregarded all chats with less than two students (e.g. conversations between a
single student and the agent). However, in some chunks, only one speaker spoke, which explains why the
number of units is sometimes less than 42. Due to the lower number of chats in the second week of the course,
we sampled 21 chunks per week in order to have an even distribution across weeks.

Data coding

Table 2: Descriptive statistics over coded data

Social Course Process | Course Content Reasoning
Bazaar (weekl) 18 (47.4%) 23 (60.5%) 14 (36.8%) 26 (68.4%)
Bazaar (week2) 22 (57.9%) 7 (18.9%) 21 (56.8%) 22 (59.5%)
Forums (week1) 39 (19.5%) 88 (44.0%) 53 (26.5%) 62 (31.0%)
Forums (week2) 32 (16.0%) 88 (44.0%) 80 (40.0%) 67 (33.5%)
Twitter (week1) 19 (19.0%) 31 (31.0%) 38 (38.0%) 28 (28.0%)
Twitter (week2) 7 (7.0%) 38 (38.0%) 57 (57.0%) 35 (35.0%)

In order to get a sense for the differences in the discourse occurring within our three communication contexts,
we coded each contribution along two dimensions. The first dimension used three thematic distinctions to
enable us to identify talk segments pertaining to three primary purposes, which were not treated as mutually
exclusive: Social, Course Process, and Course Content. Social segments were ones where students worked to
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create social connections with one another by sharing personal information, including contact information for
further interaction. Course Procedure segments were ones in which the structure of the course, the course
environment, or course procedures were discussed. And finally, Course content segments were ones in which
the conceptual content of the course was substantively discussed. In order to locate discussion that potentially
contributes to content learning, the primary relevant discussion would focus on that content. Under this heading,
students may be reflecting on what they have learned or answering one another’s questions. Discussion of
course procedures is important for helping students cope when they are struggling with technical problems like
finding resources, installing software, or navigating the courseware. Most of these contributions could be
viewed either as exchange of help, or at least calling out for help. For example, even complaints about confusion
regarding course procedures could be viewed as indirect requests for help. Thus, we may loosely consider
segments coded this way as help-exchange related contributions. Making social connections also plays a
valuable role in community building and provision of emotional support. Since some contributions mix these
three foci, we coded this dimension as a set of three binary indicators applied separately to each contribution. In
order to be beneficial for content learning, it is important to identify the manner in which content is discussed,
and not just that it was mentioned. Thus, we coded a second dimension that distinguishes segments in which
reasoning is articulated and therefore made public from those in which it is not. For this, we adopted a
previously validated operationalization (Gweon et al., 2013). Each segment was coded either as displaying
reasoning or not. With these two distinctions taken together, we can observe help related exchanges focusing on
course procedures by looking at the frequency of discussion about course procedures, and we can observe
opportunities for substantive reflective discussion about course content by identifying those segments related to
course content where reasoning is articulated.

Participation analysis

In order to assess the extent to which our three Communication contexts (e.g., the edX discussion forum, the
integrated Bazaar Collaborative Reflection tool and Twitter) engaged different users and in different types of
talk, we examined the population of students who participated in each as well as the overlap between pairs of
contexts. Ultimately, we are interested both in the distinctions between student populations with these contexts
as well as how students connect across platforms in order to learn how these different communication spaces are
already interconnected organically. This will inform our future efforts in providing explicit support beyond the
borders of single communication platforms.

The Bazaar tool for collaborative reflection was part of an intervention that particularly requested pairs
of students to reflect on the course content in a collaborative manner. Consequently, what we hoped to see in the
chats was a constructive dialog in which the students revisit the topic of the week, gain a deeper understanding
of the subject matter, connect the new knowledge with their personal experiences and exchange ideas. Forums
are asynchronous communication tools and posts are not technically restricted to a certain length. Therefore, we
expected the forum posts to constitute the largest amount of text compared to chats and tweets. In contrast to
public communication platforms, such as Twitter, the target audience of forums is the community of students
and instructors, both of which influences the content focus of the posts as well as the way they are written. In
contrast to chats and forums, Twitter is an external microblogging service that openly broadcasts to the public.
Users can post messages of up to 140 characters on their Twitter stream. At the same time, these messages are
displayed in the streams of all followers of the original poster. Tweets can be marked with hashtags, which
allows tweets with similar tags to be aggregated. The students in our MOOC were encouraged to use the
#dalmooc hashtag in all course related tweets in order to engage other students or interested individuals in a
discussion without them having to be followers of the poster. This hashtag was also used to sample the data for
the purpose of our analysis. An interesting situation arises from the fact that posting a tweet with the course
hashtag reaches both the people who are actively looking out for posts with this tag but also all the followers
who are generally interested in the posts from this user but do not necessarily belong to the course in-group.

Findings

Quantitative analysis of participation across communication contexts

In order to quantify the overlap between the sets of users of each communication context, we attempted to map
each contribution to an edX account and then compute the intersection of the resulting lists of users from each
platform. Forum users can directly be identified in the edX logs and are therefore fully accounted for in our
analysis. Bazaar chat users were able to log into the lobby with arbitrary screen names. We therefore use the
edX clickstream logs to map each Bazaar user to an edX account. In some cases, it was not possible to compute
the match because students did not enter the chat directly through the edX platform. Tweet authors were mapped
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to edX accounts via voluntary information provided in user profiles from an additional social communication
channel integrated in DALMOOC.

3.5%
Bazaar
(85) 3.8%

36.5% 4.4%
8.5% 20.5%

Figure 2. Overlap and distinction between subsets of participants in the Bazaar chats, Twitter, and discussion forums

The diagram in Figure 2 shows the relative overlap in users between pairs of social contexts. The
numbers in the ovals represent the number of users whose edX ID could be matched with an ID from the
associated context. The links represent the overlap. For example, 20.5% of all Twitter users we could map to
edX accounts (78) also posted to the discussion forum while 4.4% of the forum users also posted on Twitter.
This analysis suggests that, while we observe some overlap between subpopulations of students who participate
in these contexts, the subpopulations are largely distinct.

Quantitative analysis of communication content and type

We hypothesized that students view the purpose of communication in the three contexts in different ways that
would influence both the content focus and the nature of the discussion e.g., the extent to which we would
observe students articulating their reasoning. We also hypothesized that the content focus of the discussion itself
would influence the nature of the discussion as well.

In order to get a sense of the difference in content focus across the three contexts, we performed a chi-
squared test, with Communication context and Week as the independent variables and each of the binary content
focus variables as dependent variables. We also included the interaction between Communication context and
Week. There was a main effect of Communication context on concentration of Social segments y* (2, n=675) =
50.6, p < .0001 such that there was a significantly higher concentration of Social talk in the Bazaar chats than
the other two contexts. There was a significant interaction between Communication context and Week x* (2,
n=675) = 6.42, p < .05 such that in Twitter, there was less social talk in week 2 than in week 1, but this did not
generalize to the other two contexts. For Course processes, we observed a significant effect of Week 3*(1,
n=675) = 6.27, p < .05 such that there was a lower concentration of talk about Course procedures in the second
week. We also observed a marginal effect of Communication context x> (2, n=675) = 5,37, p < .05 such that
there was somewhat less of a concentration of Course Procedure talk in the discussion forums than in Twitter,
with Chat in between the two. There was also a significant interaction between Communication context and
Week ¥ (2, n=675) = 14.7, p < .001 such that the reduction in Course procedures talk was mainly in the Chat,
with slight increases in the other two contexts. For Course content, there was a main effect of Week 3 (1,
n=675) = 14.0, p <.001 such that there was a higher concentration of discussion pertaining to Course context in
the second week of the course than the first across contexts. There was a main effect of Communication context
¥ (2, n=675) = 13.6, p < .005 such that there was a higher concentration of Course content related talk in the
Chats and Twitter than the Forums. There was no interaction between Week and Communication context.

Since we observed interactions between Communication context and Week on the three content foci,
when we examined the relationships between Communication contexts and concentration of Reasoning, we
considered also interactions with Content focus and Week. Thus, each model contains Communication context,
Week, one of the Content focus variables, all two way interaction terms, and the three-way interaction term as
independent variables. The dependent variable was Reasoning. In all three models, there was a significant effect
of Communication context such that there was a higher concentration of Reasoning in the Bazaar Chats than the
other two communication contexts. And there was never a significant main effect of Week or interaction
between Communication context and Week. A simple model with Communication context as the independent
variable and Reasoning as the dependent variable was also significant, so we report that test here ¥ (2, n=675) =
28.4, p <.0001. There was no significant main effect of Social talk on Reasoning, but there were main effects of
the other two binary content focus variables. In the case of Course content x* (1, n=675) = 41.4, p < .0001 there
was a higher concentration of reasoning in segments pertaining to Course content than those that did not have
this. There was also a significant main effect of Course Procedures 3 (1, n=675) = 9.25, p < .05 such that there
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was a higher concentration of Reasoning in segments pertaining to Course Procedures than those without.
However in this case there was a significant two-way interaction between Week and Course Process y* (1,
n=675) = 11.5, p <.001 such that in Week| there was a higher concentration of Reasoning when Course Process
was being discussed, but this was not true in Week2. There was also a significant three way interaction between
Week, Course process, and Communication context such that in Week2 there was a higher concentration of
Reasoning in the Forums when Course process was discussed than not, but not in Week1.

Qualitative analysis

As we have shown in our quantitative analysis before, chat conversations show the highest average of reflective
contributions across all the platforms we observed. An even more interesting difference lies in the way the
course content is reflected in the chats. The one-on-one conversations in Bazaar exhibit a strong constructive
character where reflective statements are not merely precompiled by each student and then exchanged, they are
rather collaboratively constructed in the course of the conversation. The following short excerpt from a longer
Bazaar chat shows such an interactive reflection. Rather than each student providing a single complete reply to
the agent question, the students construct a joint reply by building on each other’s contribution in their own
reflection.

Agent Let’s start by looking at the logic of analytics, namely, how we use data to
understand the world. Did this resonate with you? What are your concerns with
this worldview?"

Student 1 ~ Well this seems like a great place to start.. you will meet a supervisor
somewhere in this course i expect... using data is much more reassuring than
working on solely intuition... on the other hand, it may be limiting to work with
only things you can capture in numbers...

Student 2 yes, that’s my thinking too, often real phenomena are oversimplified with
numbers we should gather data also for example affective data etc

Student 1  but the pattern of working with data can be made more playful, juxtaposing
different elements which might appear unrelated, and working to ask questions,
as opposed to providing answers... by affective data, what do you mean?

Student2  for example, asking about learners emotions during learning

While the segments pertaining to building social connections did not have any specific significance with respect
to engendering articulation of reasoning, it is notable the extent to which students use each communication
medium to reach out to other for social connection, often with the apparent desire to continue to interact over the
course. In the chat, this was especially evident in longer discussions with a lively exchange of ideas.

Student2  Very enjoyable session, thanks for the picture... can you give me a link to your
blog or some other means of getting back in touch please? maybe we will do
some other activity at some point further along? how are you getting along with
tableau? do you have data?

Student 1 @HANDLE at twitter and 1 also started a course blog http://URL
Student 2 cool, thanks.... USER@DOMAIN.COM for me...

While the requests to connect expressed in the chats are much more personal and based on a positive exchange
of ideas, the forums serve more as a market for people to find other like-minded students with similar interests
or from similar backgrounds.

Discussion and current directions

In this paper we have described an analysis of data from one cycle of a design based research process in which
we aim to engage students in more intensive discussion based interactions in Massive Open Online courses. We
compared across three communication contexts, including Twitter, threaded discussion forums, and
synchronous collaborative chats. What we find is that different subpopulations of learners within DALMOOC,
an edX MOOC that is the focus of this study, tended to gravitate towards different ones of these contexts.
Furthermore, each context was associated with its own unique profile in terms of content focus and the nature of
the discussion (i.e., concentration of articulation of reasoning). We see ample evidence within contributions
across media pertaining to social connection that these MOOC learners crave continuing social engagement with
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other individuals participating in their MOOC course. The analysis suggests that there is value in providing a
diverse set of discussion contexts but that it creates a need for greater efforts towards effective bridging between
media and channeling of students to pockets of interaction that are potentially of personal benefit. Thus, while
providing an eclectic combination of communication contexts has value in terms of engaging a wider variety of
MOOOC learners, it appears to exacerbate the problem of students who report being overwhelmed by the amount
of communication in the forums and having trouble finding the places where there is interaction with the content
focus and style they are comfortable with. Together these results suggest a research agenda going forward that
seeks to design methods for greater orchestration across media. While some recent work develops social
recommendation approaches that operate within single communication media, such as discussion forums (Yang
et al., 2014), much work is left to do to develop more effective bridging and integration across media.
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Abstract: This case study explores the use of learning analytics techniques to monitor
students’ conceptual development evidenced in time-stamped logs of a CSCL environment
that provides chat, shared whiteboard, and wiki features. The study was conducted in a
graduate level research methods course, which included online assignments that required
students to collaboratively discuss questions related to statistical methods in chat sessions and
submit their answers through co-authored wiki documents. This paper demonstrates the use of
some of the existing learning analytics techniques to develop practical strategies and interfaces
for helping instructors to effectively monitor the collaborative knowledge building processes
taking place at micro and macro levels. In particular, we demonstrate the use of topic
segmentation, tag clouds and concordance analysis for the identification of excerpts where key
concepts are discussed by the students.

Keywords: learning analytics, knowledge building, chat, wiki

Introduction

CSCL is a field primarily concerned with the use of information and communication technologies to support
learning through collaborative activities. Most CSCL systems offer a variety of communication channels with
rich representational affordances, including shared workspaces, text-chat, wiki, discussion board and video-
conferencing applications. Such tools enable instructors to support and manage rich learning experiences for
their students. These tools also offer unique opportunities for the analysis and assessment of learning
interactions as they provide time-stamped logs of all collaborative activities.

Learning occurs in an interactive and dynamic way in CSCL environments, so tracking the
collaboration process is an important concern for monitoring and supporting learning activities in CSCL.
Assessment of learning in CSCL generally involves two levels; namely product and process assessment. Product
assessment involves the evaluation of the final outputs/outcomes to check whether a key skill has been
appropriately employed or a specific concept has been mastered, whereas performance assessment is concerned
with the quality of the learning process (Retalis, Petropoulou & Lazakidou, 2010). Moreover, assessment in
CSCL is also considered as a means to enhance the collaboration process through feedback (Collazos, et al.,
2007). For example, providing information on students’ own activities can contribute to their awareness and
meta-cognitive status, and as a result may facilitate self-regulation of the learning activity (Daradoumis,
Martinez-Monés & Xhafa, 2006; Nurmela, Lehtinen & Palonen, 1999). In addition to this, records of learner
successes/failures and recommendations for future learning activities based on such records may result in a more
structured and efficient learning process (Wang, 2009).

Most CSCL applications automatically record information related to interactions of participants such as
messages and documents exchanged (sending and reading timestamps, name of the sender, name of the readers,
etc.) in log files (Pozzi, Manca, Persico & Sarti, 2007). However, the sheer volume of data generated by
heterogeneous online communication channels, even in the context of a semester-long course, brings practical
challenges for the monitoring and facilitation of collaborative learning activities by the educators. The
challenges involved with processing this rich body of data forces educators to resort to superficial assessment of
learning based on tests, without being able to take into account the micro-level processes of knowledge building
which are key to the success of CSCL applications. Therefore, there is a need for tools and strategies for helping
educators and researchers to make the best use of this rich data.

The big data phenomenon in business analytics and the increasing amount of data in online educational
repositories have led to the emergence of the field of Learning Analytics. According to the definition
contributed by the recently established Society for Learning Analytics Research, Learning Analytics is
concerned with the measurement, collection, analysis and reporting of data about learners and their contexts of
learning, for the purpose of understanding and optimizing learning and the environments in which it occurs
(Siemens & Gasevic, 2012). The collection of data and devising analytics to make sense of the trails left by
learners is a fundamental concern in this emerging field. Such trails involve information on key aspects of
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learning such as information access and use practices learners follow, the social networks they form, the content
of interactions they engage with, and the knowledge artifacts they construct in the course of their learning
process. Educational data mining and analysis of learning interactions within socio-technical systems are
dominant themes in the emerging field of learning analytics (Siemens, 2012; Scherer et al., 2012).

Educational Data Mining (EDM) focuses on devising predictive relationships among features extracted
from learner logs to better inform instruction (Baker &Yacef, 2009; Romero & Ventura, 2007; Romero et al.,
2010). Automated discovery of learning needs and adapting learning resources to better cater to those needs are
key components of the EDM approach. Typical EDM applications involve student modeling where successful as
well as risky cases (e.g. a student who is likely to be dropping out) can be automatically detected, and
recommender systems that allow students to interact with personalized content based on predictions about their
learning needs/styles inferred from their past history (Stamper et al., 2010; Manouselis et al., 2012). Such
applications extend the assessment of learning outside individual courses and allow educators to monitor the
progress of students as members of a larger learning community (Hung, Hsu & Rice, 2012).

The socio-technical approach focuses on the content and the nature of the learning interactions
mediated by learning environments as a systemic whole (Shum & Crick, 2012; Siemens, 2012). Building
visualizations of social networks and studying the information flow within those networks with discourse
analytic methods are of particular interest in this approach (Ferguson & Shum, 2011, 2012). Such tools are
generally intended not only for research use, but also to support teachers’ self-reflection on their teaching
practice and to inform educational decision makers by providing a broader view of learning activities (Dyckhoff
et al,, 2012; Govaerts et al., 2012). Design of representations and analytic constructs that facilitate the
coordinated analysis of learning traces distributed across individuals, collectivities and media in networked
learning environments is another important thread in the socio-technical approach (Suthers & Rosen, 2012).
Such tools aim to bring the learning traces distributed across multiple media and sites together to enable the
investigation of emergent learning phenomena within a learning community.

In this study we employ a socio-technical approach to analyze the collaborative learning process taking
place in a CSCL environment called Virtual Math Teams (VMT) that offers chat and wiki features. More
specifically, we explored the use of learning analytic methods to investigate a learning group’s conceptual
development in a CSCL environment in the context of a semester long statistics course. Conceptual
development was investigated according to the knowledge building theory (Scardamalia & Bereiter, 2006)
which argues that knowledge is produced through the formation of common goals and negotiation of different
perspectives. We attempt to examine how a particular group of students developed their understanding of some
the key concepts in statistics during their collaborative activities distributed across multiple interaction spaces
and spanning the entire semester. In particular, we aimed to illustrate the use of tag clouds and concordance
analysis to locate segments where key statistical concepts were discussed, as part of a process analysis of
conceptual development that spans micro and macro levels.

Methods and data

In this study the Virtual Math Teams (VMT) system was used to support and record the collaborative learning
activities that took place in the context of a semester long course on research methods and statistics. The VMT
system was developed as part of a research project that aims to support collaborative math problem solving
activities at a distance (Stahl, 2009). Although the VMT system primarily attempts to serve the mathematics
education domain, learning groups can use this platform to engage in collaborative learning activities in other
domains as well.

The VMT online environment provides both quasi-synchronous and asynchronous collaboration tools
to support collaborative learning activities. The chat component provides support for quasi-synchronous
communication for the members of a learning team through the exchange of text-messages. At the same time,
chat rooms offer shared whiteboards for drawing and organizing ideas. The chat platform also presents a shared
web browser facility, which allows group members to collaboratively browse the web to support their group
work. Finally, each chat room has a corresponding wiki page, through which learners can publish their
collective findings in the form of co-authored wiki documents. The wiki component is based on MediaWiki.

The study has been conducted in the context of a graduate level Research Methods & Statistics course
during 2013-2014 fall term at the Middle East Technical University (METU). There were 21 registered students
in the course. Each registered student was assigned to a learning group and seven teams were constructed in
total. All teams were required to complete course assignments by collaboratively working online in the VMT
environment. That is, learning groups are initially required to perform online chat meetings, then publish their
findings as co-authored wiki documents. The online activities were graded as group projects which constituted
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half of the total grade students obtained from the course. The remaining half of the grade was based on
individual test scores students obtained from two conventional exams.

The assignments cover standard statistical methods including descriptive statistics, exploring data with
graphs, correlation/regression methods and methods for testing hypotheses about group differences such as t-
test, ANOVA and their non-parametric equivalents. The aim of the online activities was to help students
develop their understanding of key statistics concepts through collaborative assignments where they attempted
to conduct a specific type of analysis by using the SPSS software. Some concepts such as identification of
independent/dependent variables, their scale of measurement, whether variables satisfy parametric assumptions
(i.e. normality and homogeneity of variance), the notion of null hypothesis and statistical significance were
common to all online activities due to their central role in statistical analysis. Developing a deep understanding
of each of these concepts was targeted as learning goals of the course. Our case study focuses on learners’
progress in one of these key dimensions during the entire term, namely identifying variables and checking
parametric assumptions. The chat logs that were analyzed as part of the case study were obtained from the
fourth assignment during the semester, which included the following instructions:

A study of reading comprehension in children compared three methods of instruction. First, all
participants’ reading comprehension levels were assessed with a pre-test. Then, participants
were split into 3 groups, where they were exposed different methods of instruction to develop
their reading comprehension skills. Finally, all group members were given a post-test that is
comparable to the pre-test in terms of content. The data for the study is stored in reading.sav
file.

1. Identify the dependent and independent variables of this study. At what level of scale
each variable is measured?

2. Are the dependent variables normally distributed? Perform the appropriate tests in SPSS
and report their results (Note: use the appropriate group level for these tests.)

3. Focus on the pre-test results only. Draw a bar chart with 95% confidence intervals. Is
there a difference among the groups? Which test would be appropriate to test whether
there is a statistically significant difference among the groups and why? What is the null
hypothesis? Do the test and report the test results (you should use the reporting guidelines
in the book). If there is an overall difference, which pair of groups differ from each other?
Again, explain what statistical test you are using to make that argument.

4. Next, focus on the post-test results. Draw a bar chart with 95% confidence intervals. Is
there a difference among the groups? Which test would be appropriate to test whether
there is a statistically significant difference among the groups and why? What is the null
hypothesis? Do the test and report the test results (you should use the reporting guidelines
in the book). If there is an overall difference, which pair of groups differ from each other?
Again, explain what statistical test you are using to make that argument.

5. Finally, focus on each instruction group separately. Which test should you use to compare
the difference between the pre and post test scores of each student in each instruction
group? Do the appropriate test(s) and report the results in the formal reporting format.

Data collection

This study focuses on excerpts obtained from the online sessions of a single team in this corpus. The
participants’ actions in the chat environment were recorded as chat log files, which were automatically logged
by the VMT system. Teams used a single chat room for each assignment, so one chat log file was generated for
each group. The chat log contained the author, date, start time, post time, duration, and event type for each
action entry. Remaining columns are allocated for indicating chat messages and other activities of students (e.g.
awareness messages such as user is typing, drawing on the whiteboard etc.).

Chat discussions continue with learners’ submission of solutions as wiki content, which are represented
with screenshots in Figure 1. Wiki activities of learners are listed in the “View History” page and listed from
initial to recent one. Each wiki activity is tagged with its author and time information. Successive activities can
be compared to identify learners’ editions and removals related to the wiki content. The VMT also provides
Wiki activities in textual format, hence facilitates the analysis of the evolution of the wiki content.

Data analysis
After collecting data, we consider the following steps for the analysis of chat logs:

* Segmentation Analysis
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* Removal of stop words

*  Use of Tag Clouds to identify recurrent concepts

*  Concordance Analysis to identify the context of concepts

* Interaction Analysis of episodes for tracking learners’ development of concepts
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Figure 1. VMT chat and wiki components

Segmentation analysis aims to capture how participants organize their chat interaction into long
sequences (i.e. chunks of activity). For this purpose, chat logs are investigated to identify activity boundaries
where new activities are initiated and current activities are terminated or suspended. That is, transitions where
learners either (1) close one activity to initiate a new one, or (2) temporarily suspend an ongoing activity and
start a temporary one as an insertion sequence, are identified by investigating topic/activity change markers
(Zemel, Xhafa & Cakir, 2007). As a result, chat logs are organized into segments.

Next, stop words (e.g. words that provide no content such as prepositions, conjunctions, determiners)
are eliminated from chat logs in order to prepare the data for further analysis. Then, chat logs are subjected to
content analysis to identify recurrent keywords in that session. In particular, tag clouds are computed for pre-
processed log files where the size of the word indicates its frequency. In our study, tag clouds are employed to
identify the statistical concepts learners discuss during their chat sessions.

Thirdly, concordance analysis is employed to identify the context in which key terms of interest
occurred in the chat logs. In this case study, we focus on tracking the evolution of a group of learners’
understanding of variable types and parametric assumptions. Once we identify the contexts in which key
statistics concepts were mentioned by the team, we focus on the sequential organization of chat messages and
whiteboard actions in that episode to observe how learners referred to and made use of these concepts.

Finally, the wiki content is analyzed as a reflection of the discussions that took place during the team’s
chat session. Wiki content constituted the final deliverable submitted by the team, so its content is organized to
be read as a summary of the team’s findings. The way team members use key concepts in their wiki pages are
further analyzed to trace their conceptual development.

Results
The team consists of three students, whose demographic characteristics are provided in the Table 1.

Table 1: Demographic characteristics of students

Subject Handle A S G C Y A

Age Over 29 22-29 Over 29

Gender Male Female Male

Grade PhD Masters Masters

Undergraduate major | Physics Foreign Language Education | Electric and Electronics Eng.
Graduate major Biomedical Engineering | Cognitive Science Cognitive Science

Current GPA 3.00-3.50 3.00-3.50 3.00-3.50

The team has performed a series of online meetings while working on their group assignments. In this
study, we provide results from their fourth assignment to illustrate our analysis. The chat log for the fourth
assignment consists of 376 chat lines. The task description was provided in the methods section.
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Chat segmentation results

Chat logs of the assignment have been quickly investigated to identify specific discussion topics. The team has
performed three online chat meetings and considered various topics during these sessions. The topics mainly
consist of coordination issues and learners’ discussions related to the assignment. We consider segments related
to the assignment in the subsequent steps of our analysis.

Key concepts the team considered

The next chat processing step aims to explore key concepts that the team has employed during their online
collaborative studies. For this purpose, we mainly focus on segments that capture the discussion of the members
on the assignment. These task-related logs, which are identified during the segmentation analysis step, belong to
two different online meeting of the team. In parallel to our purpose, we have employed tag clouds on these task-
related logs to identify concepts that the team considered while they were collaboratively solving the questions
involved in the assignment. We used the TagCrowd to obtain the two tag clouds displayed in Figure 2 that
represent the most frequently observed key terms in the task-related segments of both logs.

according anova
dependent check .. correct difference
(_?_I’OUp enter groups hypo
normality image insert question
pre results reject report
split significance tabletest
teSt write

Figure 2. Key concepts discussed in the group meetings

In this case study, we focus on the learners’ discussion of two specific statistical concepts — variables
and normality test. These two concepts frequently occurred in the first tag cloud. For instance, the “normality”
concept is reflected with ‘normality’ and ‘test’ keywords together with their large sizes. Similarly, the
“variables” concept is identified by ‘dependent’ and ‘variable’ key words.

Concordance analysis

Concordance analysis is applied to indicate locations of the keywords within the chat logs. Compared to
segmented excerpts, the lines obtained from concordance analysis are minimal and more specific. For instance,
the team’s task related activities are identified as segmented excerpts, whereas chat lines related to learners’
understanding of the variable concept are obtained through the concordance analysis.

The results of the concordance analysis demonstrated that the ‘“variable” concept was discussed
between chat lines 33 and 36, and the “normality test” was discussed between chat lines 98 and 137. Although
each sentence within these chat lines doesn’t consist of the keywords, we consider all messages since they are
components of an ongoing interaction and have pragmatic and semantic relationships with the lines containing
the keywords. Simply ignoring the lines that do not include the keywords brings problems of intelligibility,
since chat unfolds sequentially and the meaning of each utterance need to be analyzed within this sequential
context.

Learners’ development of concepts

Once the relevant excerpts are obtained through segmentation, tag cloud and concordance analysis steps, we
focus on the interactional content where the “variables” and “normality test” concepts were discussed by the
team. Our purpose is to understand how learners made progress throughout chat activities while working on
these concepts.

Variables
The excerpt obtained from the concordance analysis related to the variables concept is provided below.

1.A_S: we can start to discuss dependent and independent variables and the level of
scale
2.G_C: i think Pre test and Post test are dependent (ratio); method groups are

independent (nominal-categorical) variables.?
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3.Y_A: That is exactly my opinion too.
4.A S: I agree with your opinions

A S initiated the discussion about the “variables” concept with his remark in line 1, possibly in
response to the first question in the assignment. This is taken up by G_C in line 2, where she proposed the test
scores as the dependent and the group categories as the independent variables. She also proposed that test scores
are measured at the ratio level and group is a nominal-categorical variable. In the next two lines, Y A and A_S
agreed with G_C. The team quickly came to an agreement around G_C’s proposal. Note that this was the team’s
fourth assignment where they answered similar questions for the previous three assignments. Coming to an
agreed answer for the same question took more time and turns in those previous cases, so the team seemed to
have progressed in detecting and categorizing variables involved in a given research design description.
However, one could criticize the argument that test scores are measured at the ratio scale, since a score of 0 does
not necessarily imply absence of reading comprehension skills.

Normality test
Initial lines of the excerpt obtained from the concordance analysis are provided below.

1LY A: so about the normality tests

2.Y_A: I've got some results from the explore menu item

3.Y_A: some look normal, some not.

4.G C: sorry before we move on, did you split the file?

5.A S: actually I splitted the file but I got weird results... I'm doing somethings
wrong

6.Y A: no i didn't. should I?

7.G C: no, i just wanted to be sure

8. A S: I think its better to split hocam

9.A S: how did you do it without split Y _A?

Before the first chat message, Y A shared the results of his tests of normality in the whiteboard area.
He then indicates in the first three lines that he applied the normality tests by using the Explore feature of SPSS,
and found that some variables were normally distributed, whereas others were not. Through these chat messages
Y A reported his initial finding about the distribution of data, without specifically identifying the normal and
non-normal cases. In line 4, G_C asks whether Y_A had considered splitting the data before testing for
normality. Next, A_S comments that he obtained weird results when he tried splitting the data, and states that he
had probably done something wrong. In the next line, Y A responds to G_C that he didn’t split the file, and
asked if he should had done so. G_C’s response in the next line indicates that she did not see this as a necessity,
but she was mainly reminding her teammates about a possible issue. In line 8, A_S argues that it is better to split
(hocam is a Turkish term used as a colloquial way to address a fellow student or colleague) and asks Y_A how
he did the analysis without splitting. In the following conversation (not provided in the transcript) Y_A provided
a summary of his steps where he explained how he conducted the normality test by using the explore menu in
SPSS by defining pre-test and post-test as dependent variables. This short exchange among the team members
indicate that they took issue with an important concern, namely identifying the correct level to check for the
normality assumption. The problem statement states that there are three independent groups in the experiment,
whose scores should be tested for normality separately. Splitting the data set is one way to achieve this in SPSS
depending on how the data is organized. This discussion provides evidence that the team members are aware of
finding the appropriate level to apply the test, but they have neither justified nor demonstrated this explicitly.

In the segment identified by the concordance analysis, Y A shared the output he obtained from SPSS
for the Kolmogorov-Smirnov (K-S) and the Shapiro-Wilks (S-W) tests. Y_A stated that group-2 has non-normal
distribution in both pre and post test cases according to the K-S test, whereas only group-1’s pre-test scores are
not normally distributed according to the S-W test. Then, Y A asked others whether they agree with these
results. G_C stated that she applied the test and found the same results as Y_A. Previously G_C couldn’t
produce results in SPSS. Y_A’s statements seemed to help G_C to replicate the analysis on her computer.

Next, the team discussed what they should do with the variables that violate normality. Y A argued
that all the scores could be considered fairly normal, since the sample size of 22 was not so small and the g-q
plots looked fairly on the diagonal. G_C agreed with Y_A. Then, A_S reminded the team that when the sample

CSCL 2015 Proceedings 472 © ISLS



size is less than 30, S-W is a more conservative test of normality, and argued that S-W could be the more
reliable test in this case. During this discussion it turned out that the reason why A_S found weird results was
due to an incorrect splitting he applied on the data. Y A’s comments helped A_S correct his analysis.

In the following part of the discussion, Y A proposed that the deviation from normality in the variable
of concern was due to an outlier, which he noticed on the g-q plot, and wondered if that could be a typo in the
data. G_C agreed on the presence of an outlier but argued it could be a genuine data point, as no information
about minimum and maximum possible scores were given in the problem statement. The team then agreed that
the outlier was not to be treated as a typo. A_S asked if they will ignore the outlier and consider pre-test scores
of group-1 as normal. Y A proposed to explain the significance of the S-W test due to the presence of this
outlier score, and continue with a parametric test for subsequent analysis. G_C and A_S’s agreement concluded
the discussion on checking the assumption of normality in this log.

Wiki reflection

According to the wiki logs, G_C wrote the results about variables as follows: “Pre test and Post test are
dependent (ratio); method groups are independent (nominal-categorical) variables. ”Y_A shared the results of
the normality tests as a table, whereas G_C contributed the interpretation "By looking at the tests of normality
table, we can say that for pre-test only the 1st group is significantly different (D(22)=,91, p<,05) from a normal
distribution. However, for the post test condition, all the groups are normally distributed (p>,05)".

The wiki summary does not capture all the details of the team’s chat discussion. The team stated their
answer for the variable types in the same way as it was articulated in one of the chat messages. They presented
the normality analysis with the correct groupings, but provided the standard interpretation of the K-S test results.
The wiki posting for this particular question seem to suggest that the group members changed their mind about
treating the pre-test score of group-1 as normally distributed. In particular, they didn’t mention their noticing
about the outlier and its effect on the normality test. However, in the remaining parts of the question, the team
employed a parametric test to complete their analysis, which seemed to be a consequence of this discussion.

Discussion and conclusion

A significant advantage of CSCL environments is that they provide system logs that record details of
interactions experienced among students. Since these logs capture instances where learners ask questions, look
for information and make reasoning together, learning becomes visible to the instructors. The growing use of
computer-mediated communication channels such as social networking, chat, instant messengers and wikis as
components of CSCL applications has resulted in large repositories of such learning interactions. Although
CSCL tools offer advantages to eliminate the student isolation issue, such environments also result in some
methodological and pedagogical challenges. For example, analyzing hundreds of lines of collaborative
interactions of student teams is a time consuming task for instructors. Therefore, instructors generally focus on
learning outputs while evaluating learner performance in CSCL environments. In this kind of evaluation, each
team member is often assumed to equally contribute to the final deliverable, and each obtains the same grade as
a result of evaluation. Yet, dividing students into groups and requiring them to collaborate do not simply result
in equal participation and effective discussion. Thus, a detailed monitoring of the collaboration process is
necessary to support teachers to perform a fair assessment of group work and provide support when needed
(Wang, 2009).

In this study, we aimed to bring together basic ideas from text-mining and interaction analysis methods
to prototype an interface that will help instructors follow the conceptual development of their students with
respect to the specific learning goals of their course. For that purpose, we used tokens and phrases that signal a
change in the course of the discussion as a basis for the initial segmentation of the chat data. This step provided
the much-needed pre-processing to improve the representative power of the tag-cloud analysis performed in the
next stage. The keywords deemed important by the instructor based on the course goals can be then used at this
point to navigate through chat and wiki logs. Concordance analysis aims to help teachers identify those
interactional episodes where the teams discussed the key concepts. The case study summarized above allowed
us to observe how a team of students discussed key issues involved with identifying variable types and their
scale of measurement as well as their distributions. Capturing such instances across multiple log files would
give the teacher a much better view of the progression of ideas across multiple sessions and teams, as well as the
difficulties students might be having with specific concepts and methods. In future work we are planning to
automate more of the key steps in the presented process in an effort to develop a dashboard interface for
instructors where they can visualize the data at different granularities and zoom in/out of collaboration logs
depending on the level of analysis they deem relevant for their educational goals. For instance, linguistic
markers used for initiating changes in the course of a discussion in chat can be used to mark potential segment
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boundaries in an automated manner. Since chat data is noisy with missing phrases and incorrect spellings, it is in
general difficult to employ natural language processing techniques on chat data. However, segmentation can be
improved further by considering word repetition patterns and coherence indicators for candidate segments.
However, such techniques will inevitably fall short in dealing with the complexity of the meaning making
processes taking place in the logs. Therefore, our main goal will be to support the teachers with practical
analytics and navigational tools so that they can effectively trace the fragments of students’ knowledge building
discourse distributed in many components of modern CSCL systems.
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Scaffolding Scientific Epistemologies through Knowledge-
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Abstract: This study investigated how elementary-school children’s science epistemologies
can be fostered in a CSCL knowledge-building environment focusing on epistemic inquiry
and reflection. Two classes of fifth graders in Hong Kong participated in a unit of electricity
study. The design involves students engaging in scientific inquiry, pursuing ideas on
Knowledge Forum®, and making epistemic reflection about the inquiry process. A key
design theme involves children reflecting on their inquiry in relation to scientific practice and
collective theory building. Analyses indicate that online discourse moves reflecting epistemic
inquiry (problem-centred uptake and theory building) were correlated with post-test epistemic
and conceptual understanding. Classroom and interview analyses showed how students’
epistemic practice (e.g., theory revision) and epistemic reflection (connecting their own
inquiry and scientists’ inquiry) might have influenced their epistemic development.
Implications of how children develop scientific epistemologies supported by epistemic inquiry,
discourse and reflection in a knowledge-building environment are discussed.

Keywords: knowledge building, CSCL discourse, epistemic views of science, scientific inquiry

Helping students understand the nature of science and scientific inquiry has always been the central focus of
science education. A growing number of studies have been conducted to understand students’ epistemic views
of science, and its relation to other cognitions (Stathopoulou & Vosniadou, 2007; Tsai & Liu, 2005). However,
few studies have examined how it can be fostered, especially how it can be fostered in computer-supported
collaborative learning (CSCL) environments. The purpose of this study is to examine how a computer-supported
knowledge-building environment may facilitate students’ scientific epistemologies and knowledge advances.

Theoretical perspective

Epistemic views of science and CSCL
Epistemic cognition is individual’s understanding about the nature of knowledge and knowing (Chinn,
Buckland, & Samarapungavan, 2011). There are different lines of research conceptualizing epistemic cognition
(Hofer & Pintrich, 1997; Lederman et al., 2002; Schommer, 1990), among which one line focused on the idea-
driven and constructive nature of science. Carey et al. (1989) initiated this line of research and identified three
general levels of epistemic understanding among seventh grade students, ranging from viewing science as
concrete activity to viewing it as an idea driven process and as construction of ever-deeper explanations of the
natural world. Later Smith et al. (2000) made a more elaborate study of sixth graders’ epistemologies of science,
and differentiated different aspects of the epistemology (e.g., goals of science, the nature of scientific questions,
etc.). Chuy, Scardamalia and colleagues (2010) further developed the interview protocol, emphasizing on
theoretical progress. The epistemic cognition framework this study used was based on these previous studies
and examined how students understand science as an idea driven process, and it further extends it to the social
aspect, and focuses on how students understand the collective and progressive nature of scientific progress.
Many studies have designed computer supported collaborative learning (CSCL) environments to
support students’ scientific inquiry with some indicating that the epistemological design of those environments
could influence the nature of students’ inquiry process (Clark, Weinberger, Jucks, Spitulnik, & Wallace, 2003).
For example, Tan et al. (2005) noted the change of students’ epistemology and scientific inquiry skills in a
computer supported collaborative learning environment. Underlying these designs and technologies is the
emphasis on role of epistemology and that scientific knowledge is socially constructed and advances in a
progressive manner. However, how students understand science’s progressive and socially constructed process
and how it relates to their scientific inquiry practice is not well examined. We argue here that it is important to
examine how individuals understand science as a collective theory building process and how they understand its
social and progressive nature, as this may help to explain students’ collaborative knowledge construction
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process in CSCL environments. It could also help us to reflect on and improve the epistemic principles of the
technology used to support students’ collaborative inquiry.

Computer supported knowledge building

As one of computer-supported inquiry-based models in education, knowledge building has attracted much of the
attention in the recent years (Scardamalia & Bereiter, 2006). One essential aspect of knowledge building is
students taking collective cognitive responsibility for community knowledge advancement. In knowledge
building, ideas are viewed as conceptual artifacts that can be constantly improved. To support such knowledge
work, Knowledge Forum® (KF) has been created as a communal place where ideas can be worked on in various
ways (e.g., linked to other ideas, be visualized with structures, be highlighted with graphs, and be revised, etc.).
Scaffolds are also provided for students to work towards knowledge building: “I need to understand”, “my
theory”, “new information”, “a better theory”, “putting our knowledge together”, etc. These epistemic prompt
may help develop students’ epistemic understanding about the collective theory building nature of science.

A growing number of studies have been conducted to examine the design and effects of knowledge
building on students’ science learning (Hakkarainen, 2004; Lee, Chan, & van Aalst, 2006; Oshima &
Scardamalia, 1996). Results have shown the role of knowledge building discourse and classroom dynamics on
students’ understanding (Zhang, Scardamalia, Lamon, Messina, & Reeve, 2007). However, few studies have
explicitly relate knowledge building with students’ scientific epistemologies drawing upon online and offline
data (Chan & Lam, 2010; Chuy et al., 2010). Therefore, the purpose of the current study was to address this
issue, and to examine how knowledge building may foster students’ epistemic and conceptual growth. This
paper is based on a large project that examines the design, processes and effects of a knowledge-building
environment on students’ epistemic and conceptual understanding. In a preliminary study (Lin & Chan, 2014),
we have reported on the quantitative findings indicating that knowledge-building students improved more on
their epistemic and conceptual understanding than the comparison group. This study draws upon the data from
Knowledge Forum, classroom observation, and interviews to examine how the design might have fostered
students’ epistemic growth and knowledge advances. Specifically, three research questions are addressed: (1)
How do Knowledge Forum inquiry and discourse relate to students’ epistemic and conceptual understanding;
(2) How does classroom dynamics including discourse and reflection facilitate students’ epistemic growth; (3)
How do students understand their own and scientist inquiry reflected in their interviews? -

Methods

Participants and context

As noted above, this is part of a large design study. Four classes of fifth graders in Hong Kong participated in
the study, among which two classes (n=52) were engaged in knowledge building and epistemic reflection, for
comparison, the other two (n=50) were taught with regular inquiry-based approach. This paper focuses on the
knowledge-building classes.

Designing the knowledge-building environment: Students as little scientists

The key design is to help students work like little scientists engaging in epistemic inquiry and reflecting on the
inquiry process collectively. Students pursued ideas (e.g., pose questions/explanation; revise idea) on
Knowledge Forum (KF), tested their ideas in experiments; and reflected on their inquiry process integrating
online and offline discourse. The specific designs include: (1) Activate prior epistemic and conceptual
understanding: Students discussed their initial ideas about electricity and what scientists do in the classroom (2)
Authentic problems and inquiry: Students watched a video on experiments about lemon juice/ salt water
conducting electricity, conducted hands-on experiments to test conductivity of different materials; posed
wonderment questions and put their ideas and questions on KF; scaffolds were provided (e.g., “I need to
understand”, “my theory”, “new information”) to facilitate theory building. (3) Deepen inquiry through
experiments and classroom epistemic talk: Students worked in groups to design experiments to test their KF
ideas; they reflected on their forum discourse and inquiry and wrote on KF their epistemic understanding; (4)
Connect students’ inquiry with scientists’ inquiry through epistemic reflection. Students were scaffold to reflect
on the relations between their own inquiry and scientists’ inquiry (5) Knowledge building reflection: Students
wrote portfolio notes on KF to reflect on their collective discourse with knowledge building principles.

Analyses and results

The previous paper has reported on preliminary analyses; students’ epistemic views of science were measured
with a written test developed from previous studies (Carey et al., 1989; Lederman & Ko, 2004; Smith et al.,
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2000). Four components were identified to characterize epistemic views: (1) role of idea, (2) theory building (3)
theory-fact understanding, and (4) social process of scientific progress. The general pattern ranges from viewing
science as concrete activities to seeing it as collective theory building process. Quantitative analysis indicated
that the knowledge-building group improved more in their epistemic and conceptual understanding than the
comparison group (Lin & Chan, 2014). While quantitative findings show positive effects, questions remain as to
how the designed environment facilitated students’ epistemic and conceptual growth. This study specifically
examined how Knowledge Forum inquiry (online) and classroom inquiry and dynamics (offline) might
contribute to the change. Students’ focus group interviews were also examined to explain the change processes.

Q1: Examining Knowledge Forum discourse and relations with epistemic and

conceptual understanding

Among the two knowledge-building classes, Class 1 students on average wrote 13.2 notes, linked 66.7% of the
notes, and read 30.4% of the total notes. Class 2 students on average wrote 7.5 notes, linked 52.7% and read
32% of the notes; these indices are comparable to those in knowledge building research (Lee et al., 2006). To
characterize the socio-cognitive-epistemic aspects of knowledge building discourse, analysis of Knowledge
Forum notes was conducted both on thread and individual note levels. The notes were first parsed into threads,
and coded into three patterns: knowledge sharing (sharing of information), knowledge construction (interacting
to construct understanding), and knowledge building (working to extend and create knowledge) (van Aalst,
2009). The following excerpt shows an example of a knowledge building thread.

Student# Note content

5a03 I don’t understand]: Why can salt conduct electricity?

5a34 Because salt is a kind of electrolyte

5alé [A better theory]: after the experiment, we found that both salt and salt
water can not conduct electricity

5a20 [You theory can not explain]: After this experiment, we found that salt can

not conduct electricity, but salt water can. Salt water is NaCl, it is ionic
compound, and there are free electrons or ions in it. Therefore it can conduct
electricity.

5a34 [A better theory]: because salt consists of Na+ and C-, Na+ is metal ion, can
allow free electron pass through. Na+ and K+ transmit as nerves in our brain,
therefore salt can conduct electricity.

5a31 [I don’t understand]: can anything that does not contain Na+ conduct
electricity?
Sall [Your theory cannot explain]: Salt is a kind of metal ion, and can conduct

electricity; salt water is a kind of soluble liquid with salt. Any liquid that can
dissolve salt can conduct electricity, because there are free electrons in it,
and it is called electrolyte.

[My theory]: any liquor with electrolyte can conduct electricity.

As the excerpt shows, student 5a03 started with an alternative conception (misconception), asking why
salt conduct electricity. 5a34 proposed a theory that salt is a kind of electrolyte. Then 5al16 used the evidence
from the experiment to question her classmates’ conception noting salt cannot conduct electricity, but he also
included a misconception noting salt water cannot conduct electricity. 5a20 noted the problem and explained
why salt water can conduct electricity (“Salt water is NaCl, it is ionic compound... there are free electrons or
ions.. it can conduct electricity”). However, 5a34 then proposed a theory to explain why salt conduct electricity.
The idea of Na+ from 5a20 and 5a34 brought about an emergent question from 5a31 wondering if anything
without Na+ can conduct electricity. That led to 5all proposing another theory explaining why salt water
conduct electricity, he used the example of salt water conducting electricity to generate the principle that “Any
liquid that can dissolve salt can conduct electricity, because there are free electrons in it, and it is called
electrolyte.” Further, he came up with a new theory that “any liquor with electrolyte can conduct electricity.”
This example showed how this group of young students worked collectively at something well beyond their
curriculum: they devoted theory-building and knowledge-creation efforts to pose questions and explanations and
to continually revise earlier ideas; they provided explanations about why salt water conduct electricity and
gradually developed a more abstract theory; new information was embedded along the discussion;
misconceptions existed but continually revised. This example showed how study collectively built ideas on
Knowledge Forum to advance their community knowledge.
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Notes within the conceptual threads were also analyzed quantitatively for understanding discourse
moves. Premised on knowledge building theory, two components were identified: Problem-centred uptake and
Theory-Building. (1) Problem-centred uptake discourse moves refer to how coherently the idea was connected
to previous idea to address the original problem and also for deepening the inquiry. Four levels were coded: At
level 1, the note makes no/weak connections to the previous note. At level 2, there is vague connection; the
response is not essential for solving the problem (e.g., ask for elaboration). At level 3, the note has reasonable
connections to the previous note (e.g., give explanations to the previous questions). At level 4, there is coherent
connection in terms of solving the problem (e.g., move discussion back to the problem; rise above; ask
deepening question). (2) Theory building includes discourse moves that illustrate efforts to build theory,
including initiating inquiry, sustaining inquiry, theorizing (explanation), responding, and using social-cognitive
conflict to spark progress (see Table 1).

Table 1: Coding scheme for theory building effort

Code Description

Initiate inquiry Initiates a thread; starts with a question or a statement

Theorizing (low) Provides simple explanation; intuitively try to provide reasons for a phenomenon.

Theorizing (high) Constructs deep explanation; search for abstract mechanism-process, or the complex
observable mechanism of a phenomenon, incorporated with new information/evidence

Sustain inquiry (low) Asks simple or superficial questions for elaboration or explanation.

Sustain inquiry (high) Asks deepening question that sustain inquiry for progressive problem solving e.g., ask
for explaining the mechanism; emergent questions

Response (low) Responds to the previous notes with simple factual word or statement (differentiated
from explanation that tries to theorize for mechanism).

Response (high) Reasonable and elaborated responses to the previous notes, embedded with new
information (differentiated from explanation that tries to theorize for mechanism).

Social cognitive conflict Identifies problems/misconceptions; questions ideas under discussion to move forward

Non-build on Scattered notes without any build on; or other irrelevant note

Correlation analysis was conducted to examine the relations of discourse moves with students’
epistemic and conceptual understanding (Table 2). Forum participation was examined using a tool called
Analytic Toolkit and different indices (e.g., read, write, scaffolds) were combined using factor analyses (Lee et
al., 2006). Analyses showed that students post-test conceptual understanding was correlated with post-test
epistemic cognition, KF participation, KF high problem centred uptake (level 3+level4), and KF explanation and
response (high). As well, students’ post-test epistemic cognition was correlated with KF high problem centred
uptake, KF explanation and response (high), and KF sustain inquiry. These results suggest that students’
problem-centred uptake and theory building moves are related to their epistemic and conceptual understanding.

Table 2 Correlation among KF discourse, post conceptual understanding, and post epistemic views (n=52)

1 2 3 4 5 6 7 8
1.Post-test conceptual
2.Post-test epistemic 489**
3.KF participation (ATK) 320* 0.247
4.KF high problem-centred uptake 378%* 339* .698%*
5.KF initiate inquiry 0.126 0.08 0.275 0.24
6.KF explanation &response (high) — .412*%* 292* 728%** .822%* 0.185
7.KF sustain inquiry 0.168 .289% A492%* 812%* 0.228 A463%*
8.KF socio-cognitive conflict 0.218 0.175 315% A415%* 0.114  0.19 A482%*
9.KF nonbuid on -0.241 -0.091  .276* -0.035 0.201  -0.043 0.174 -0.043

Note: *p<.05; **p<.01

Q2: Scaffolding Epistemic Discourse and Reflection in the Classroom

This study also analyzed key themes emerging in the knowledge building classroom reflecting students’
epistemic inquiry and practice; online and offline discourse were integrated. There are many key events and the
selection was guided by framework emphasizing epistemic reflection and theory building.

Epistemic inquiry activating prior knowledge and asking questions
In the knowledge-building classroom, from the start, the focus is about letting students develop practice of
raising questions and constructing explanations and improving on these ideas. Students asked various questions
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about electricity (e.g., why does water conduct electricity? What makes conductor conduct electricity?).
Question generation is key to scientific inquiry/progress; students posed problems on KF and in class to
acculturate students into epistemic practice of problem-centred inquiry. The teacher also scaffolded students to
consider their views of science, and to link their experiments with scientific practice and theory building.

Theory revision in scientific and epistemic inquiry

The teacher scaffolded students to understand role of idea and theory revision from their own inquiry experience.
To test the various ideas on Knowledge Forum, students worked in different groups to design experiments (each
group worked on their question, theory, hypothesis and design in a piece of poster). One group observed that
water does not conduct electricity, and they proposed a theory (explanation) “it is related to the materials of the
cup; the cup that holds water is plastic, which is insulator, and so the water in the cup cannot conduct
electricity”. The teacher worked with this group to test their ‘cup theory’. They came up with the idea of testing
the conductivity of water held by different cups (plastic, wooden, and metal). The experiment was conducted
and the teacher initiated an epistemic discussion with the whole class after that.

SW: we found that even we put the water in different cups, the brightness of light is
similar.

T(Teacher): how are these findings different from the group’s hypotheses?

SW: It means that the hypotheses about the plastic cup & wooden cup were wrong (they
hypothesized that the water held by plastic and wood cup cannot conduct electricity).

T: why are the hypotheses wrong ...... Do you still remember the theory?....

SC: we observed that the water in the wood cup can make the light a little bit brighter; it
may be related to the impurity in the wood.

SG: the light showed similar brightness with whatever cups, it means that...

Ss: it has nothing to do with the cups...

T: I appreciate SC mentioned something new, he mentioned ... [The discussion
continued...]

T: ..now suppose you are the scientists, how would you revise your theory[Ss wrote on
papers]

SY: it is related to the amount of the water

SM: it is related to the different kinds of water, such as running water, distilled water...

This example illustrates how different ideas develop in classroom/KF discussion with students coming
up with their ideas (cup theory) tested in experiments, and how students began to see that their theory (idea)
need to be tested and revised similar to scientific practice. Another interesting theme is that while the teacher
expected students to discuss based on the central problem (materials of cups), one student SC mentioned some
unexpected results and proposed a new theory to explain the phenomenon (the light of the wood cup is a little bit
brighter, maybe related to impurity in the wood), which pointed to experimental error and possibly a new
direction for further inquiry. The process was similar to the emerging process of the mature scientific inquiry,
which involves theory testing and theory revision. This experience might have influenced how students
understand science as a theory revision and theory building process.

Epistemic inquiry into their and scientists’ knowledge-construction processes.

In this knowledge building classroom, to scaffold students to engage in scientific and epistemic
inquiry, students were involved in designing, testing ideas, and reflecting on their inquiry. Students wrote on the
poster (Figure 1) their experimental design (prompts: problem, theory, hypothesis, design). In the same poster,
they also wrote their views of science (prompts; what is science? Are we investigating like scientists? And how
do scientists construct knowledge?). The following excerpt showed an example of the epistemic discussion:

Student A:  how do scientists construct knowledge?
Student B:  with their mind
Student Y: by doing experiment

Student W: is that doing experiment can bring us knowledge? I did so many experiments,
why didn’t I not construct knowledge?

Student Y: because you just do experiment.
Student W: but you said scientists do experiment to construct knowledge....
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Student B: by discussion....discuss problems..

Student A: are we working like scientists?

Student Y: do experiment, and constantly doing inquiry.
Student B:  we will investigate problems we don’t understand.

This example illustrates how epistemic talk, or having students explicitly discuss how science
knowledge is created, might help them understand more about their own inquiry and nature of science. These
children started with a naive or impoverished idea (scientists construct knowledge with their mind), and
gradually came to understand more about the role of discourse and experiment for constructing knowledge.
Though the discourse is still preliminary, children might begin to see more about the constructive nature of
science and need for sustained inquiry to tackle problems they didn’t understand.

Using an epistemic model to reflect on collective theory building

One of the culminating activities involves using an epistemic model to scaffold epistemic reflection: The teacher
showed students a visual representation (Little Scientists Worksheet) that illustrated a simplified model of the
structure of scientists’ collective inquiry. As Figure 2 shows, Scientist A asks a question, proposes theory A to
address the research problem; Scientist B questions scientist A’s theory and proposes theory B; Scientist C
further improves scientist A’s theory and proposes theory C; Scientist D synthesizes scientist B and scientist C’s
theory into theory D. Different arrows are connected to indicate inquiry is an ongoing process. Students were
asked to indicate elements that were similar to what they have experienced. The teacher initiated an epistemic
discussion among students, as the following example shows.

T: You have played different parts... in your inquiry. Many of you asked questions and
proposed theories, um..like scientist A... ... so [what about] scientist B? Is there no
need for Scientist B?

Ss:  no, we need scientist B and C to question [them], so that we can improve the theory....

T: ...None of you mentioned scientist D...?
SW: ...[we need] scientist D... could combine scientist B and C’s theories, and make a
better theory

This example suggests how the prototypes of different scientists, in the form of an epistemic model, might help
students to see the similarity between what they do and what scientist do illustrated in the model, and therefore
might prompt students to develop a better epistemic understanding about scientists’ inquiry process.

SRR E Brinciples
/ e a1
Improvable idea

Epistemic agency
Advaneeanmu

Figure 1. Group poster Figure 2. Little Scientists worksheet

Q3: Examining students epistemic understanding via interviews

From viewing science as inventing concrete things to viewing it as theory building process

Consistent with the quantitative findings about the impact of the designed environment on students’ epistemic
change, qualitative analysis of students’ focus group interview also showed that many students initially thought
of scientists as only doing experiments or inventing things, but that, after the program, they started to understand
the role of idea and social cognitive conflict in science. For example, student CFM said:

I used to think that scientists only researched something to help people, but after this semester
(after knowledge building), now I understand that scientists not only research something, they
will ask questions, which people don’t know yet... then other scientists will continue to ask
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him why is that... I thought scientists only invented things, and never thought they proposed
theories.

For the students who already had some understanding of the role of idea in science, they mentioned that
they had further realized how scientists work together to improve knowledge, and spontaneously connected it to
what they did in Knowledge Forum, as one student reflected:

“Before, 1 thought scientists just investigated something, and then made a theory. Now I
understand how scientists push each other forward...(Can you explain what you mean by ‘push
each other forward’).. Just like how we ask questions in Knowledge Forum, then we
answer each other’s questions. Scientists also have their own questions, then other scientists or
they themselves may find the answers, then there will be more questions...and answers. So
that they can organize their theory...and it kept circulate.”

From seeing themselves as knowledge receivers, to seeing themselves as knowledge creators

To build and create knowledge, one must not only understand the knowledge-creation process, but must also
believe in their capability to create knowledge. Interviews showed that students started to see themselves as
knowledge creators, rather than mere knowledge receivers, after their experience with knowledge building, as
one student FYL reflected, “I used to think that knowledge only existed in the textbook, actually, we have lots
of problems around us that have not been explored yet.” Another student HBY said, “I also thought knowledge
only existed in books. [Now I understand that] many people can create knowledge. And we ourselves can also
create knowledge...” In addition to believing in their capacity to create knowledge, they also started to see
knowledge creation as a socially constructed process. For example, student CHEN said

...Now I think that knowledge can not only be obtained from the book, but also generated by
our discussion....it is not only limited to the Internet, books... I now think we ourselves can
also discover knowledge...(Can you explain more about ‘discover knowledge’)...discuss with
classmates. In Knowledge Forum, when someone asked questions, we would try to answer the
question, while we were thinking and solving the problem, we learned new things....you will
rely on some of the material on internet, and incorporate them into your own thinking, and
generate new knowledge.

This excerpt showed that CHEN used to think knowledge could only be obtained from books, but came
to see himself as able to generate knowledge. He also started to think that knowledge was generated by
questions, and was socially constructed. He even mentioned how students could make constructive use of
authoritative information from the Internet to help them construct knowledge.

Discussion and conclusions
The study investigated how epistemic and conceptual growth could take place in the designed knowledge-
building environment. Discourse and correlation analysis indicated that students’ high level problem centred
uptake and theory building moves were related to post-test epistemic and conceptual scores. Analysis of
classroom dynamics showed both students’ inquiry in the classroom (problem-generation, theory revision,
design experiment to test KF ideas) and how epistemic reflections scaffolded by epistemic inquiry, discourse,
and modeling have facilitated students’ change of epistemic and conceptual understanding. The study showed
that it is not adequate just to have students engage in inquiry tasks and forum writing; they need to reflect on
their inquiry and we scaffold them to reflect on their own inquiry in light of scientists work. Interviews further
showed the impact of the designed environment on students’ epistemic understanding, and how students have
changed from viewing science as concrete activities to theory building process, and how they started to see
themselves as knowledge creator and to appreciate the role of collective theory building in knowledge creation.
This epistemic-enriched knowledge-building design is very different from the traditional inquiry-based
approach, in which science is portrayed as a series of observation and experimentation, and which neglects the
role of ideas in inquiry. The traditional simple inquiry, as Chinn and Malhotra (2002) put it, assumes an
epistemology opposed to the epistemology of authentic science. Students’ interpretation of these “artificial”
inquiry tasks may affect how they understand the nature of knowledge and science. For example, if students
merely do experiments without knowing that the purpose of experimentation is to test ideas, they may not
understand the role of ideas in science; similarly, if students merely make posts on computer forums, or argue
claims without attempt to improve them, they may not understand that ideas and theories are socially
constructed that can be improved through online discourse. Accordingly, one possible explanation for the
changes in epistemic understanding among students might be that underneath knowledge building is an
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epistemology that is similar to that of the authentic scientific inquiry, and students’ inquiry and reflection is a
process of internalizing experts’ epistemology, and therefore a process of improving their own epistemology.

This study has shown the possibility of changing students’ understanding of the nature of science through a
computer-supported knowledge building design. Our findings are consistent with the postulation that, if students
are to understand certain aspects of the nature of science, they must experience those aspects and make
metacognitive reflections thereon (Carey et al., 1989). This study also suggested that the kind of epistemic
discourse that facilitates connections between scientific inquiry and their own knowledge building inquiry might
be helpful for epistemic growth. Knowledge building theory (Scardamalia & Bereiter, 2006) postulates that
members add value to knowledge production, similar to scientific communities. This design might make this
more explicit with students working as little scientists; engaging in theory building; and reflecting on such
processes as scientists and knowledge builders. The study has also identified the need to investigate further how
to embed epistemic features, such as the collective, ever-deepening, and progressive nature of knowledge, into
CSCL pedagogy to improve epistemic cognition. Future study can be conducted to further explore the role of
epistemic discourse and reflection in students’ epistemic change process.
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