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Figure 4: CS1.5 retention did not drop after the
split, but did after the Calculus change.

first course (CS1X Grade), and the number of attempts for
the first course (CS1X Attempts); the latter factor was used
to consider whether students who repeated the course im-
proved their mastery of the material to the same level as
their peers. For CS2, the initial set also included the num-
ber of attempts and highest grade for CS1.5a.2

Table 3 shows the final models for CS1.5 and CS2 grades.
Q-Q plots of the residuals showed a nearly normal distribu-
tion in both cases, although the residuals for the CS2 grade
model included a very slight left skew. Given this skew and
the modest adjusted R2 values (0.2552 and 0.2021), Table 4
summarizes Spearman’s rank coe�cients that were used to
confirm the findings of the regression analysis.

The key observation from these models and calculations
is the change in significant factors from the CS1.5a model
to the CS2 model. All else held equal, the model predicts a
CS1 student would receive a CS1.5a grade that was, on av-
erage, approximately a third of a letter grade (0.319) lower
than an equivalent CS1a student. The Spearman’s calcu-
lation also found a small but statistically significant e↵ect
size on CS1.5a grades based on the student’s enrollment in
CS1 vs. CS1a. However, the CS1 boolean is no longer a
significant factor in the CS2 model; the only factor that
showed significance in the CS2 grade model was the stu-
dent’s CS1.5a grade. The Spearman’s calculation also sup-
ports this conclusion, give the large p-value (0.489) for the
CS1 boolean factor. Thus, there is a di↵erence in average

2The reader may recall from Section 3.1 that there was a
statistically significant di↵erence in CS1.5 retention between
the 2013-14 and 2014-15 cohorts. This di↵erence suggests a
combined model would be invalid. As this objection is valid,
we also repeated the regression analysis on the two cohorts
independently and produced comparable models (omitted to
avoid redundancy) whose significant factors were identical to
those presented here.

CS1.5 Grade
Factor Est. SE t value Pr(>|t|)
(Intercept) 0.745 0.436 1.708 0.089 .
CS1/1a -0.319 0.126 -2.525 0.012 *
CS1X Grade 0.834 0.096 8.685 < 4e-16 ***
CS1X Attempts -0.600 0.224 -2.675 0.008 **
Residual standard error: 0.917 on 270 degrees of freedom
Multiple R-squared: 0.2633, Adjusted R-squared: 0.2552
F-statistic: 32.17 on 3 and 270 DF, p-value: < 2.2e-16

CS2 Grade
Factor Est. SE t value Pr(>|t|)
(Intercept) 1.187 0.234 5.079 < 1e-06 ***
CS1.5 Grade 0.512 0.075 6.788 < 2e-10 ***
Residual standard error: 0.723 on 177 degrees of freedom
Multiple R-squared: 0.2066, Adjusted R-squared: 0.2021
F-statistic: 46.08 on 1 and 177 DF, p-value: 1.651e-10

Table 3: Multiple linear regression models of CS1.5
and CS2 grades.

CS1.5 grade factor Spearman’s rank coe�cient
CS1 ⇢ = �0.158, p = 0.009 **
CS1/1a Grade ⇢ = 0.492, p < 3e-16 ***
CS1/1a Attempts ⇢ = �0.182, p = 0.002 **

CS2 grade factor
CS1 ⇢ = 0.052, p = 0.489
CS1.5a Grade ⇢ = 0.467, p < 5e-11 ***

Table 4: Spearman’s rank coe�cients provide ad-
ditional evidence for the significant factors in the
CS1.5 and CS2 grade regression models.

predicted CS1.5a grades for CS1 and CS1a students, but the

di↵erence disappears among students that persist to CS2.

3.3 Effect of skipping CS1 based on AP credit
To provide guidance about placement into CS1/1a, we

used T-tests to compare the mean CS1.5/1.5a and CS2 grades
for students who received CS1 credit for earning a score of
4 or 5. Table 5 shows the results. Given the small num-
bers of students with these scores, the data for all years
was combined. The key observation here is that there is a
statistically significant average CS1.5/1.5a grade di↵erence
between students who elect to skip CS1/1a with a score of 4
compared with those who scored a 5; however, the di↵erence
is no longer significant with the students who scored a 4 and
elected to take CS1/1a despite already having credit. There
were no statistically significant di↵erences among the CS2
grades. Although the results are not strongly conclusive, the
evidence seems to suggest that retaking CS1/1a is beneficial

for students with a score of 4 on the AP CS A exam.

3.4 Impact on Underrepresented Students
To evaluate the potential impact of these curricular changes

on underrepresented minority and women students, �2 tests
were performed on data about these sub-populations as in
previous analyses.3 Figure 5 shows the results for comparing
the CS1/1a retention rates among the sub-populations after
introducing the CS1/1a split and the Calculus/B- change.
In all cases, the p-value was very large, indicating there was

no evidence of a di↵erence in the sub-population retention

3Given small population sizes, only results with exact p-
values are presented.


