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Abstract. FACT (Formative Assessment with Computational Technology) is
an intelligent orchestration system. That is, because it helps the teacher manage
the workflow of a complicated set of activities in the classroom, it is an
orchestration system. Because it conducts tasks-specific and domain-specific
analyses of the students’ mathematical products and their group interactions, it is
more intelligent than other orchestration systems. From analyzing videos of our
iterative development trials, we realized that too many students needed help
simultaneously, but the teacher could only visit one group at a time. Thus, we
modified FACT to send a few messages to the students directly instead of
sending all its advice to the teacher. This paper reports a successful pilot test of
auto-sending.
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1 Introduction

Some lesson plans involve individual work, group work and whole-class discussions,
and some also require that the teacher integrate workflows and ideas across all three
planes of activity. “Classroom orchestration” refers to the planning and enacting of
such integrated workflows [1]. A “classroom orchestration system” is intended to help
the teacher with classroom orchestration [2–18].

Our system [19–23] was designed to increase the effectiveness of a particular set of
mathematics lessons called the Classroom Challenges [24]. In their paper-based form,
the Classroom Challenges (CCs) are known to be highly effective [25]. They exemplify
teaching based on formative assessment [26], wherein teachers no longer give expla-
nations and feedback, but instead keep students engaged in solving problems.

The CC students spend most of their time working in small groups on large posters,
to which they add cards and handwriting. The posters can become extremely com-
plicated. When teachers are circulating among the groups and they stop to visit a group,
they often have only seconds to conduct a formative assessment of a complex poster.

We hypothesized that difficulties in formative assessment were preventing the CCs
from being even more effective. Thus, the original goal of the FACT system was to
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conduct and display formative assessments of posters in order to help visiting teachers.
Thus, it was named Formative Assessment with Computational Technology (FACT).

FACT students edit an electronic document called a poster. Posters can have
movable cards on them. Students can write or draw on the cards or the poster with a
stylus, finger, mouse or keyboard. Students can also move the cards, pin them or resize
them.

Students can edit their own individual poster or their group’s poster. When editing a
group poster, all the members of the group can edit simultaneously, just as one does
with a shared Google document. Each student’s ink is a different color, so students and
teachers can tell who has contributed what.

As students work, teachers can monitor their work and control the class. They carry
a tablet around the classroom that displays FACT’s dashboard.

To conduct a formative assessment of students’ work, FACT has many issue
detectors. Most of them compare the students’ work to expected work; these are called
product detectors. FACT also has process detectors. These raise issues about the
chronological pattern of students’ edits, such as failing to collaborate. Similar collab-
oration detectors were quite accurate when used in a lab study [27].

FACT constantly decides which active issues are most important and shows them
as alerts on the teacher’s dashboard. When teachers peek at a student’s work (i.e., view
the student’s poster on their dashboard), they see the top priority issue in a sidebar.
They can scroll to view other issues in the sidebar. Each issue has both an explanation
of it and questions that teachers can ask the student in order to open a visit discussing it.
Alternatively, the teacher can push a Send button next to one of the questions, and it
will appear in the student’s inbox.

In order to help design FACT, video data from 14 trials of paper-based CCs were
collected. During the iterative development of FACT, video data from 52 trials were
collected. The later videos were collected as a formative evaluation rather than a
summative evaluation. That is, they were collected to help us understand and redesign
FACT. Nonetheless, we compared the videos of Paper and FACT trials and found:

1. FACT students wasted less time than the Paper students (5.9% for FACT vs. 10.4%
for Paper; p = 0.013). This was clearly due to replacing paper with electronic
documents.

2. FACT students spent more time off-task than the Paper students (5.7% for FACT
vs. 2.9% for Paper; p = 0.011), probably due to the novelty of the stylus-tablet user
interface.

3. FACT groups and Paper groups did not differ in how they worked together.
Both FACT and Paper groups worked silently most of the time (53.8% for FACT
vs. 67.7% for Paper). Groups rarely engaged in the most desirable form of col-
laboration, called co-construction or transactivity (2.8% for FACT vs. 4.0% for
Paper).

4. FACT students self-corrected 47% of their errors, whereas Paper students self-
corrected 67% of their 12 errors (p < .001). Other errors were either left incorrect or
corrected with the aid of the teacher. This suggests that productive struggle was
more frequent for Paper students, contrary to our expectations.
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5. When pairs were classified according the amount of self-correction of errors, 39%
of the FACT pairs were struggling productively vs. 63% of the Paper pairs.

6. The mean number of teacher visits per lesson did not differ (27.8 for FACT vs. 27.2
for Paper; p = 0.890), nor did the mean time between visit starts (4:25 for FACT vs.
5:40 for Paper; p = 0.182).

The figures above indicate that many groups were not productively struggling and
almost all were not collaborating properly. Yet teachers visited few groups (one per 4
or 5 min). Thus, when a teacher finished one visit and was deciding whom to visit next,
almost every group in the class needed to be visited. Even if FACT helps the teacher
make an optimal choice of whom to visit and what to say, there are many other groups
left without a visit. Perhaps it would help if FACT could “visit” groups, too.

2 Auto-Sending and Its Pilot Test

As mentioned earlier, when teachers Peek at a student, they see a sidebar that shows
questions that the teachers can use to initiate a visit. Teachers can also push a Send
button to send a question directly to students. It then appears as a message in the
student’s inbox.

In order to increase its effectiveness, FACT was modified to, so to speak, push the
Send button pushes itself. After an activity began, it waited 5 min so students could get
well started. It would then send students a message from their highest priority issue. It
would always wait at least 2 min between sending messages to a group. We called this
policy “auto-sending.”

As a pilot test of auto-sending, we conducted an AB evaluation in the middle
school math classes of 2 teachers. Three classes had the full FACT system. Two classes
had FACT with its detectors turned off, which meant that the teachers saw alerts neither
on the dashboard nor when Peeking, and FACT auto-sent no messages.

We used the same methods and measures as in the formative evaluation reported
earlier. The pattern of results during this pilot test were similar to those reported earlier,
except for the most critical outcome, productive struggle, so we report just those results.

In order to help determine what encouraged students to be differentially productive,
we divided all errors into four categories:

• The teacher visited the group when the error was being corrected or within the
preceding 30 s.

• The students read a message in their inbox during the 30 s preceding correction of
the error. The message could have been sent either by the teacher or by FACT.

• The students corrected the error without having consulted their inbox or the teacher
during the preceding 30 s.

• The error had not yet been corrected when the activity ended.

Table 1 shows the error counts per condition per category. Comparing the On vs.
Off conditions, the error distributions are reliability different (Chi-square, p < .001).
Students in the detectors On condition corrected significantly more errors without help
from FACT or the teacher.
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As in the formative evaluation, we classified pairs that corrected more than 50% of
their errors by the end of the activity as productive. By this somewhat arbitrary criterion,
all 7 pairs in the Analysis On classes were productive, while in the Analysis Off classes,
only 3 of the 6 pairs were productive. This difference is reliable (Chi-sq, p = 0.004).
This is consistent with the hypothesis that turning the detectors on increased productive
struggle.

3 Discussion

Summary: While iteratively developing FACT with aid of teachers, students and
classroom observers, we recorded videos of 52 FACT classes and 14 paper-based CC
classes. Video analyses suggest that although FACT made the workflow more efficient,
there appeared to be little change in group interaction and teacher behavior. Contrary to
our ambitions, FACT decreased productive struggle in the groups. The problem
appeared to be simply that there weren’t enough teacher visits to students because there
is only one teacher but almost all groups need visits. Thus, we modified FACT to
automatically send the messages that teachers could send. We compare two versions of
FACT, with detectors turned either On or Off. Groups in the On condition more
frequently struggled productively than groups in the Off condition. This is consistent
with our hypothesis that the bottleneck in our classes is that more groups need to be
visited, and that FACT’s auto-send feature can at least partially fill the gap.

Although we refer to the conditions as detectors On vs. Off, many other factors co-
varied with the manipulation including the classes, the time of day and the familiarity
of the teachers with FACT. Thus, we cannot conclude that turning the detectors on
caused students to correct more errors. Better-controlled experiments with more classes
and teachers are needed.

A second problem is that errors are only one
sign of struggle. Struggle could also show up as
slow speed or extensive discussion.

In future work, the teacher’s visits and the
system’s messages should be coordinated closely
in order keep the teacher in charge of the class
and yet maximize the impact on students. FACT
will need a new kind of intelligence in order to
support this sort of coordination. A larger, better-
controlled evaluation would also be important.
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Table 1. Errors

Correction type Off On

Teacher-assisted 0 0
FACT-assisted 0 4
Self-corrected 3 13
Uncorrected 4 1
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