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Abstract

We present preliminary evidence on the im-
pact of a NLP-based writing feedback tool,
Write-On with Cambi! on students’ argumen-
tative writing. Students were randomly as-
signed to receive access to the tool or not, and
their essay scores were compared across three
rubric dimensions; estimated effect sizes (Co-
hen’s d) ranged from 0.25 to 0.26 (with no-
table variation in the average treatment effect
across classrooms). To characterize and com-
pare the groups’ writing processes, we imple-
mented an algorithm that classified each revi-
sion as Appended (new text added to the end),
Surface-level (minor within-text corrections to
conventions), or Substantive (larger within-text
changes or additions). We interpret within-text
edits (Surface-level or Substantive) as potential
markers of metacognitive engagement in revi-
sion, and note that these within-text edits are
more common in students who had access to
the tool. Together, these pilot analyses serve as
a first step in testing the tool’s theory of action.

1 Introduction

The writing feedback tool, Write-on with Cambi!,
was designed to support students in revising their
argumentative essays. It highlights key argumen-
tative elements based on annotation guidelines
aligned to standards, which have been shown to
produce organizational patterns that correlate with
rubric scores [1]. These annotations drive the tool’s
feedback in two primary ways. First, they provide
students with a structured overview of their writ-
ing. Second, the absence of certain annotations in
a student’s essay triggers targeted feedback. [3]
Beyond annotation-based feedback, the tool flags
conventions-related errors (e.g., spelling, punctua-
tion, grammar). It does not auto-correct; instead,
it highlights each issue and provides guidance on
how to revise it.

The tool is grounded in a theory of action that,
at a high level, states: “Students who are guided

through a structured review of their essays with
immediate, annotated feedback that is well-aligned
to teacher instruction will produce essays of higher
overall quality.”[4] To further theorize the causal
mechanism that leads to this outcome, we posit
that, by prompting students to examine potentially
missing compositional elements and conventions-
related errors, the tool elicits metacognitive pro-
cesses (reviewing, evaluating, and editing) that, in
turn, improve essay quality.

This study aims to begin to evaluate this the-
ory of action by the way of the following two key
research questions:

1. Do students with access to the tool achieve
higher scores across all three dimensions of
the scoring rubric? Additionally, how does the
effect vary across different teachers in terms
of both magnitude and direction?

2. How can we begin to analyze the differences
in writing and revision strategies between stu-
dents who have access to the tool and those
who did not? How might we tie this back to
the theory of action?

2 Methods

2.1 Randomized Pilot

At the end of the 2024 school year, 11 educators
from two states volunteered to pilot the Write on
with Cambi! (or Cambi!) tool in their grade 6
through 8th grade classrooms. This pilot study
involved 262 seventh grade students within eleven
classrooms, with 125 from State A and 137 from
State B. During the test, students were randomly
assigned access to the tool: 124 did not receive
access (control group) and 138 students did receive
access to the tool (treatment group).

To begin to assess the impact of the writing tool
of Cambi! in student performance, students’ essay
responses were scored across three dimensions of
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the rubric: Conventions, Elaboration and Organi-
zation by an automated scoring engine, Autoscore.
All students answered the same writing prompt
and were scored using the same rubric, which was
common across the two states.

We report descriptive statistics (means/SDs),
estimate effect sizes (Cohen’s d), test group
differences (two-sample t-tests; Wilcoxon rank-
sum), describe score-point distributions, and
examine heterogeneity in treatment effects by
teacher/classroom.

2.2 Response Analysis

We collected the full text of each student’s essay
at 2-minute intervals throughout the writing ses-
sion, which we will be referring to as "2-minute
snapshots” or simply "snapshots."

This process yielded a primary corpus of 4,990
snapshots from 262 unique student participants.
Each entry in this corpus contains the student’s
unique ID, their assigned group (treatment or con-
trol), a chronological snapshot sequence number,
and the full text of their essay at that moment.

From a qualitative review of two-minute snap-
shots, we categorized essay revisions into two
types: appending—adding new text to the end
of the essay—and internal edits—changes made
within the previously written text. We further dis-
tinguish two forms of internal edits:

1. Surface-level Edits: Minor corrections, often-
times related to writing conventions, such as
spelling, punctuation, and grammar.

2. Substantive Edits: Larger changes or addi-
tions within the previously written text of the
essay.

Internal edits are of particular interest, as they
may signify a deeper level of metacognition, sug-
gesting a shift from automatic drafting to more
deliberate and strategic composing.

To analyze revision patterns, we developed a
custom algorithm to classify the changes between
consecutive 2-minute snapshots. After tokenizing
each snapshot’s text using the NLTK library, we
used a hierarchical classification logic to categorize
every change into one of three mutually exclusive

types:

1. Appended Text: Edits were first checked for
location. Any change involving an addition of
text at the very end of the previous snapshot
was classified as an Append.

2. Surface-level Edits: If an edit was not an
Append, its size was evaluated. Any inter-
nal change (an insertion, deletion, or replace-
ment within the body of the text) involving
3 words or fewer was classified as a Surface-
Level Edit.

3. Substantive Edits: Any internal edit involv-
ing more than 3 words was classified as a
Substantive Edit.

This process yielded a count for each of the three
edit types for every 2-minute interval. In the charts
presented below, the average number of edits is
calculated as the total number of edits of a specific
type (e.g., surface-level) within a given writing
stage, divided by the total number of students in
that group.

The algorithms used for this classification of
edits is detailed in Algorithm A.1

3 Results
3.1 Randomized Pilot

We analyzed the impact of thewriting tool on stu-
dent writing by comparing a treatment group (acess
to Cambi!) and a control group (without access to
Cambi!) across three rubric dimensions: Conven-
tions, Elaboration, and Organization.

3.1.1 Aggregate Results

Across all classrooms, essays written by students
with access to Cambi! had higher mean scores on
average, as outlined in Table 1. This corresponded
to a Cohen’s d ranging from 0.25 to 0.26. While
this effect size may appear small, it should be noted
that a review of over 700 k-12 intervention studies
suggest an effect size of over .2 is considered large
(2]

To test for statistical significance, we first ran
two-sample t-tests, which assume scores are inter-
val data. These tests, as shown in Table 2 con-
firmed the differences were statistically significant
(p<0.05). To better account for the ordinal nature
of the rubric scores (i.e., the distance between 1
and 2 may not equal the distance between 2 and
3), we also conducted a non-parametric Wilcoxon
rank-sum test. The results of this test approached
statistical significance at the p<0.05 level.

Analysis of the score point distributions revealed
specific shifts for the those with access to the writ-
ing tool compared to the group without access to
the tool, shown in Figure 1
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Table 1: Comparison of Mean Scores and Effect Sizes by access to Cambi!

Mean Score (SD)
Access to Cambi! Conventions | Elaboration | Organization
0(n=133) 1.50 (.72) 1.21 (.64) 1.46 (.72)
1 (n=115) 1.67 (.60) 1.37 (.55) 1.63 (.58)
Effect Size (Cohen’s d) .26 .26 25

Table 2: Two-sample #-test Results

Dimension | ¢#-Statistic | p-value
Conventions -2.056 | 0.0408
Elaboration -2.044 | 0.0420
Organization -2.016 | 0.0449

CONVENTIONS_FinalScore ELABORATION_FinalScore ORGAMIZATION_FinalScore

Proportion
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Figure 1: Score Point Distribution by treatment and
control group

1. Conventions: The Cambi! group received
more scores of 2 and fewer scores of 1 and 0.

2. Elaboration: The Cambi! group had fewer
scores of 0, more scores of 1 and 2, and an
equal proportion of 3s.

3. Organization: The Cambi! group earned
fewer scores of 0, more scores of 1 and 2,
and a slightly higher proportion of 3s.

Notably, for Elaboration and Organization, a
score of 0 indicated a non-attempt, suggesting the
tool helped students overcome initial writing iner-
tia. Additionally, on Elaboration and Organization,
no students in either group achieved the maximum
score of 4.

3.1.2 Classroom-level Variability

Although aggregate results were positive, the es-
timated treatment effect varied across classrooms.

We take a closer look at one dimension, Organiza-
tion, to illustrate this variance in Figure 2. For this
dimension, 6 of 11 classrooms showed a positive
effect for Cambi!, 4 showed a negative effect, and
1 showed no difference.

The variation in results can be illustrated by ex-
amining the three largest classrooms, where teacher
survey data helps interpret the quantitative findings:

1. OF8C (d=0.32; N: 15 control, 22 treatment):
This classroom showed a positive effect, but
the teacher provided no comment on their im-

| wncplementation strategy.
. without cambi

2. CCA5 (d=-0.03; N: 24 control, 14 treatment):
This classroom showed a negligible effect.
The teacher noted that student engagement
may have been skewed by low motivation, as
the voluntary pilot took place after summative
testing at the end of the year.

3. 5F4E (d=0.22; N: 29 control, 41 treatment):
This classroom showed a positive effect. The
teacher reported actively scaffolding the tool
by going through each feedback tab with stu-
dents to ensure they understood the sugges-
tions and how to apply them.

In the next section, these pilot results are futher
explored to understand how we can begin to ana-
lyze the differences in writing and revision strate-
gies between students who have access to the tool
and those who did not.

3.2 Response Analysis

In this section, we describe how the revision pro-
cess—categorized into three edit types—differs be-
tween students with and without access to the writ-
ing tool.

3.2.1 Overview and Appended Text

An analysis of the overall composition of edits
shows that appending new text was a common be-
havior in both groups. However, as seen in Figure
3, those without access to Cambi! dedicated a
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Figure 2: Organization Effect of Access to Cambi! by Teacher/Classroom

larger proportion of their total revision activity to
appended edits compared to those who had access
to the writing tool.

3.2.2 Surface-level Edits

The timing and frequency of small, surface-level
edits revealed a notable difference in writing work-
flow between the groups.

1. Overall Trend: As shown in Figure 4, both
groups steadily accumulated surface-level ed-
its throughout the writing session. Notably,
while those without access to the writing tool
maintained a slightly higher cumulative edit
count for the first three quarters, those with
access showed a marked acceleration in edit-
ing during the final stage (76-100%). This
timing aligns with the tool’s feedback flow:
conventions-related feedback is delivered only
after students receive more substantive feed-
back focused on compositional elements.

2. Analysis by Score Point: This trend was most
pronounced among students with high scoring
essays on the Conventions score. However,
the most striking difference was observed
among students who ultimately scored a zero
on Conventions (Figure 5). Students who had

access to the tool but received a lower score
showed a high and increasing level of cumula-
tive surface-level edits. In contrast, the control
group’s essays that received zero scores show
almost no cumulative editing activity.

3.2.3 Substantive Edits

The analysis of substantive edits (defined as inter-
nal edits involving more than three words) reveals
a divergence in revision strategy between the two
groups. As shown in Figure 6, students with access
to Cambi! consistently accumulated more substan-
tive edits than the control group throughout the
entire writing session. The gap between the two
groups widened over time, with the treatment group
performing a substantially higher number of total
substantive revisions by the end of the session.
This difference in behavior was most pro-
nounced among the essays with the highest scores.
Figure 7 illustrates the cumulative edits specifically
for students who earned a score of 3 on the Organi-
zation rubric. For this tier, the treatment group’s en-
gagement in substantive revision was higher, with
an average of nearly 11 cumulative edits by the end
of the writing time. In contrast, their control group
peers who also scored a 3 performed very few of
these edits, averaging just over 2 by the session’s
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Figure 3: Proportion of Total Edit Types by group.
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Figure 4: Cumulative Surface-level edits by Writing Stage
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Figure 5: Cumulative Surface-level Edits by Conventions Score Tier

end. The graphs for Organization scores 1 and 2
are in A.2

4 Discussion and Limitations

This work provides preliminary evidence for the ef-
fectiveness of an Al-powered writing tool through
a pilot study in which students were randomly as-
signed access. It also introduces methods for ex-
ploring the underlying mechanisms that explain
how and why the tool influences writing behavior
and outcomes, and ties back to the theory of action.

We observed a notable effect of using the tool on
student rubric scores, as scored by Autoscore, in
the aggregate. Across classes and states, the effect
size for each rubric dimension ranged between .25
and .26. While this effect size is large in educa-
tional contexts, the outcome of the rubric scores
is strongly aligned and scored immediately after
the student wrote the essay. As such, with less
aligned and further apart outcome variables, we
may expect an effect size of a smaller magnitude.
Furthermore, observed heterogeneity in the aver-
age treatment effect across classrooms, as expected
given differences in implementation and baseline
writing ability.

We offer several considerations when interpret-
ing the results:

1. Intent-to-Treat Study: In this study, we only
know if a student was granted access to the
tool, but we did not track if the tool was used.
The results should be interpreted accordingly.
These results provide an estimate of the tool’s
effectiveness in a real-world setting, where
not every student may utilize the tool, they
have access to.

2. Test Fatigue: The pilot occurred after annual
summative assessments, and teachers noted
student fatigue. This low-stakes context may
have suppressed scores across both groups and
masked a larger potential effect.

3. Control group Behavior: The control group,
aware they lacked access to a new Al tool,
may have been less motivated, potentially in-
flating the observed difference between the
groups.

4. Treatment Diffusion: Teachers reported help-
ing students interpret Cambi! feedback. It’s
possible that this guidance was overheard by
or shared with control group students, which
would weaken the measured effect

In this paper, we also explored methods to be-
gin to analyze differences in writing and revision
strategies between students who have access to the
tool and those who do not. First, we qualitatively
reviewed and categorized the two-minute snapshots
into three forms of revisions: appending, surface-
level, and substantive. The latter two forms of
in-text revisions are aligned with our theory of ac-
tion that the tool may lead the student to engage
in the metacognitive task of reviewing, evaluating,
and editing their text.

The findings indicate that students with access
to Cambi! tended to shift their efforts from simply
appending text toward more internal revisions. This
pattern varied across levels of student performance.

For surface-level edits, the tool’s impact was
most evident among students who received lower
scores. As shown in Figure 5, students in the treat-
ment group who ultimately scored a 0 on Conven-
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Cumulative Substantive Edits by Writing Stage (by Group)

35 Group

== Control Group
mm Treatment Group

3.0

25

Average Cumulative Number of Substantive Edits

(&)

0-25% 26-50%

2.0
1.5
1.0

51-75% 76-100%

End of Writing Stage

Figure 6: Cumulative Substantive Edits by Writing Stage

tions attempted a notable number of edits, whereas
their counterparts in the control group made very
few. While these edits did not raise their final
scores in this instance, this finding indicates that
the tool can prompt engagement from students who
might otherwise remain passive.

For substantive edits, the effect was particularly
notable among students with higher scores. The
data from students who achieved a score of 3 on the
Organization rubric shows a substantially higher
number of substantive revisions for the treatment
group compared to their control group peers (Fig-
ure 7). This suggests the tool may act as a scaffold,
guiding students who already are capable writers
to move beyond surface-level fixes and engage in
more complex, structural revision. Future work
could also explore different word-count thresholds
for differentiating between surface-level and sub-
stantive edits.

4.1 Conclusion

Building the evidence base for a writing tool in ar-
gumentative writing is ongoing. This paper offers
preliminary findings that Write-On with Cambi!
can support students and proposes a path for ana-
lyzing the mechanisms behind observed score dif-
ferences. These results serve as a first step in testing
the tool’s theory of action.
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A Appendix

A.1 Algorithm for edits retrieval

The algorithm used for classifying the edits into
three different categories, appended, surface-level
and substantive, is outlined in Algorithm 1
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Figure 7: Cumulative Substantive Edits for Students with a Top Organization Score (3)

Algorithm 1 Classification of Revision Edits

1:

procedure CLASSIFYREVI-
SION(Sbefore; Saftera Nthreshold)

Input: Sy fore (previous text), Sqfer (cur-
rent text), Nipreshold (Word count limit)

Output: List of classification labels for
each edit

Whefore < TokenizeAndClean(Spe fore)

W tter < TokenizeAndClean (S, fter)

Wa fter A

HandleChoppedWord(Whe fore, Wafter)

© ® 3

10:
11:
12:
13:
14:

15:
16:
17:
18:
19:
20:
21:

Opcodes < Diff(Wie fore; Wafter)
Edits + ]
for all (tag, 11,12, j1, j2) € Opcodes do
if tag = ’equal’ then continue
end if
if tag = "insert’ Aiy = |Wiefore| then
Append "Appended" to Edits
else if max(z'g — il,jg — _]1) S
Ninreshoia then
Append "Surface-level" to Edits
else
Append "Substantive" to Edits
end if
end for
return Fdits
end procedure

A.2 Graphs for Organization scores 1 and 2

Figures 8 and 9 illustrate the cumulative edits by
students who earned a score of 1 and 2, respectively,
on the Organization rubric
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Figure 8: Cumulative Substantive Edits for Students with a Organization Score=1
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