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Setup in Classroom

INTRODUCTION
Collaboration is a core teaching and learning process, as well as an important
21st-century skill that students must be able to master as they progress
through school and into their careers (National Research Council [NRC], 2011).
Collaboration is also an integral part of STEM learning.
Management and assessment of collaborative learning tasks is difficult in typical
classrooms when teachers attempt to monitor 10-15 groups with 2-3 students in
each group (Cohen, 1994). Ideally, teachers would listen to peer interactions in
each group for long enough to understand how discourse is proceeding—and
very few teachers can do this well for so many groups. This new project is working
on building speech-based learning analytics for collaboration that could help
teachers by identifying what is going on in groups and enabling teachers to target
their interventions. We see speech-based analytics not as replacing, but rather as
informing the teacher’s exploration of group dynamics, diagnosis of issues, and
development of an intervention plan.
Therefore, this project is investigating the feasibility and challenges of using
the speech of small groups of students to determine the quality of each
group’s collaboration. We are engaging human observers to code small-group
collaboration while simultaneously collecting high quality speech data. We are
developing feature detectors that can code the speech data automatically and
are using machine-learning techniques to find ways to aggregate the signal from
these detectors to agree with the judgments of human observers.

RESEARCH QUESTIONS

Not Collaborating

Students are working independently

Follow the Leader

One student is dominating the group, doing all the intellectual
work, and/or others are not given opportunity to contribute

Out in the Cold

Two students are working together and doing all of the intellectual
work and the other student is left out

Good Collaboration

All three students are contributing to solving the problem, taking
turns, trying to reach consensus on solution

DATA COLLECTION: PHASE ONE
• 86 sessions (about 15-20 minutes each)
• 6 different schools
• 141 total students (50% girls, 50% boys)

The tasks were a collaborative variation of the cloze task. In a cloze, students fill in blanks in
a sentence in order to show their comprehension of material they have recently studied. In a
collaborative cloze, three students each fill in one blank in a sentence (or short explanation) to
express their mutual understanding. The tasks were embedded in an online delivery system
and students worked in groups of three on a laptop together. Each student was wearing an
individual microphone to pick up their contribution to the discussion.

• 67 students in sixth grade, 40 students in
seventh grade, and 34 students in eighth grade
• Most students participated in 2 sessions
with different group configurations

PRELIMINARY FINDINGS
For an initial subsample of the data (n = 4 sessions), for each item we ran a Speech Activity
Detector to determine the total amount of time each student spoke. The distribution of speech
duration across the three speakers was summarized by the Shannon entropy.

A speech activity detection system was run on each student’s audio channel and provided
data on who was speaking when. Pairing this speech data with timing information from the
software (e.g., which question the students are working on) enables us to analyze how
much each student was speaking during each problem.
We initially compute the spectral characteristics of the speech signal at 20ms windows.
Then, the spectral characteristics and dynamics are analyzed at 200ms windows and
the variability of the signal is measured (Tsiartas, et al., 2013; Ghosh et al., 2011) which
captures unique speech signatures like speech harmonics and durations of formants.
Moreover, the variability measure is smoothed at 100ms windows. Finally, a fixed
threshold is applied to determine the speech regions.
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and into their careers. This project is investigating the feasibility and challenges of
using the speech of small groups of students to determine the quality of each group’s
collaboration. Preliminary data analysis of this early-stage project will be presented.
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METHODS

A Collaborative “Cloze” Task

There was a weak overall trend (r=0.47) of “Good” collaboration types to have higher Entropy
values (more equal participation) and “Follow the leader” or “Out in the cold” types to have
lower values. This single feature looks promising for helping to classify the different cases.
We will continue to explore this along with further features which look at overlapping speech,
words used, prosody, etc.

NEXT STEPS

• What is the relationship between human-observable fine-grain indicators of
collaboration (Ih) and overall collaboration quality (Qh)?
• How reliably can we detect indicators of collaboration (Ia) using automatically
extracted speech features (Fa), comparing Ia to human-observed indicators Ih?

We are currently refining the coding scheme for the collaboration indicator codes (Ih). Phase
one data collection is complete and that full data set will be coded for both Ih and Qh codes over
the next few months.

• How reliably can we score overall collaboration quality (Qa) using the
automatically extracted speech features (Fa) and indicators (Ih), compared to Qh?

Phase two data collection with entire classrooms of collaborating students will commence next year.
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