Course Cancellation Analysis

Daniel Le (Assistant Director)
Dr. Jeremy Monteath-Valdez (Assistant Director)
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Brief Introduction

« Academic Scheduling Team (AST) is the scheduling
department at Dallas College who is responsible to create
Credit sections schedule for the entire college.

« We are working closely with school leadership (Vice Provosts,
Deans, Chairs) to monitor the enrollment trend, assign faculty
assignment, book adoption, open or cancel sections under the
school leadership’s requests.

* During the enrollment monitoring period (one month prior to
the semester starts), AST is tracking daily enrollment and
advise school leadership to cancel low enrolled sections or
create new section when the enrollment grows significantly.
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Inclusive Criteria

* This cancellation deadline only applies to Credit (CR) sections
which start on 01/17/23.

* On the action required enrollment report sent on 12/20/22, we
identified 2,021 Active CR sections (325 Dual Credit, 1,696 Gen
Pop) which were either empty or under enrolled. This is the

dataset of our analysis.
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1. Does the extension period have a
statistically significant impact on
the number of cancelled sections?

2. Will highly-enrolled classes benefit
from the extension period?

3. Which other factors are statistically
significant in explaining the
cancellation rate?

To answer these questions, we will be
applying a predictive modelling
(machine learning) technique, namely
logistic regression.
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Let’s watch a brief video

explaining Logistic Regression!

If you can fit a line...
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Logistic Regression Model
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Inputs: X1,X2,X3 || Weights: 01,02,03 || Outputs: Happy or Sad
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Original Deadline (01/05/23) Variable Description

ENRL_5_DAYS_PRIOR_TO
12.20.22_DOUBLE_DIGIT
GROUP_ENRL_5_DAYS_PRIOR

STRT_DATE_ENRL_GROUP

ENRL_GROUP_ORG

ONE_DAY_BEFORE_DEADLINE

TIME_TO_CANCEL_ORIG *

HIGHLY_ENRL_ORG **

WATCHLIST
LEC_STRT_TIME_FACTOR

The number of students who enrolled during the 5 days period prior to 01/05/23.

Coded as 0 if enrollment on 12/20/22 for a section is a single digit (less than 10), and 1 for a double digit.

Coded as 0 if the total enrollment 5 days prior to 01/05/23 is less than 5, and 1 if the total enrollment is > 5.

Enrollment on 12/20/22, coded as 0 if enrollment is 0-5, coded as 1 if enrollment is 6-10, coded as 2 of enrollment is >10.
Enrollment on 01/05/23, coded as 0 if enrollment is 0, coded as 1 if enrollment is 1-5, coded as 2 if enrollment is 6-10,
coded as 3 if enrollment is >10.

Coded as 0 if enrollment on 01/04/23 for a section is a single digit (less than 10), and 1 for a double digit.

The number of days from 12/20/22 to the day a section is cancelled. If the section is not cancelled during this period, we
assign the value 16. *We create this variable to answer question 1 in page 6.

Coded as 1 if the average daily enrollment between 12/20/22 and 01/05/23 is > 0.5, and O if the average is < 0.5. **We
create this variable to answer question 2 in page 6.

Coded as 1 if the section is on the watchlist, and O if not.

Coded as 0 if the lecture start time is between 8AM and 10AM, coded as 1 if the LEC start time is between 10AM and
12PM, coded as 2 if the LEC start time is between 12PM and 2PM, coded as 3 if the LEC start time is between 2PM and
4PM, coded as 4 if the LEC start time is after 4PM, coded as 5 for online classes.

N
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Model 1: Original Deadline
Response Variable Profile

Response Profile

Ordered Total
Value | EVENT_ORIG | Frequency

1| 0 1554
1 337

Probability modeled is EVENT_ORIG="0".

* In our analysis, EVENT_ORIG,
otherwise known as the response
(outcome) variable, is coded as:

o 0: The section is NOT cancelled
by 01/05/23. This is our event of
interest.

o 1: The section is cancelled by
01/05/23.
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Model 1 — Original Deadline
(01/05/23)

» After applying the backward stepwise
selection technique, we obtain the
final model that includes these
significant factors (p-value < 0.05) at
the 95% confidence level.

Analysis of Maximum Likelihcod Estimates.

Wald
Parameter DF | Estimate Error | Chi-Square | Pr= ChiSg

Intercept 1 -0.5985 0.2403 8.4740 0.0036

ENRL_5_DAYS_PRIOR_TO 1| 05150 | 00808 | 407468 | <0001
' 23084 | 01837 | 142.1435 | <0001 |
43614 0.2182 190.2807 | <0001
27540 : 08818 7.5635 '. 0.0050 |
~ aanz 0.0038 |

ENRL_GROUP_ORG
ENRL_GROUP_ORG
ENRL_GROUP_ORG
ONE_DAY_BEFORE_DEADL

wh | G | A | =

3.2814
2.8004

<0001

200288

WATCHLIST
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ROC Curve for Selected Model
Area Under the Curve = 09336
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Accuracy Level of

Model 1

* Area Under the Curve (AUC) is an effective

way to summarize the overall diagnostic
accuracy of the model. It takes values from
O to 1, where a value of O indicates a
perfectly inaccurate test and a value of 1
reflects a perfectly accurate model.

The final model 1 has the AUC is 0.9336,
which implies a 93.36% chance that the
model identifies which sections would be
cancelled correctly.

Let’s interpret the impact of the significant
factors in explaining the cancellation rate by
using the odds ratio.
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Ladas ratio

* When 0 is a probability, the quantity 6/(1-0) is called odds. The

concept of odds has two forms.

» Suppose 0is a probability of “success”.

+ 1. We define  0dds in favor of success = Plsyeorss) :i,
1 - P(success) 1-6

% 2. We define  0dds against success = i it PR
P(success) 0

An odds ratio (OR) is a measure of association
between a certain property A and a second
property B in a population. Specifically, it tells us
how the presence or absence of property A
influences the presence or absence of property B.

An odds ratio of exactly 1 means that exposure to
property A does not affect the odds of property B.

An odds ratio of more than 1 means that there is
a higher odds of property B happening with
exposure to property A.

An odds ratio is less than 1 is associated with
lower odds.

14




- ]
Model 1 — Final Model’s
95% Wald
. Effect Point Estimate | Confidence Limits
Odd Ratios s S

C)

EMRL_GROUP_ORG 1ws 0 10.088 8.388 14.718
EMRL_GROUP_ORG 2 ws 0 T8.385 42 188 145.632
* Event of interest is NOT being cancelled by the Original ENRL_GROUP_ORG 2 vs 0 15.705 | 2202 | 107.580
q ONE_DAY_BEFORE_DEADL 1ws 0 26.814 2382 245 754
Deadline (01/05/23). e =
WATCHLIST1vs 0 13.581 43325 42 815
* Assuming other factors stay constant: Odds Ratios with 95% Wald Confidence Limits

ENRL_S_DAYS_PRIOR_TO_ORIG

o ENRL_5_DAYS_PRIOR_TO has Odds Ratio (OR) is

1.675, which means for each increment in ENL GNP ORET WY -
enrollment during the 5 days period prior to ENRL_GROUP_ORG2s 0 | | 0 S —

01/05/23, the odds of NOT being cancelled of that i il

section is 1.675 times the odds of other sections. ONE_DAY.BEFORE DEADLINE_ORG_D0U1 vs0 | | .

WATCHLIST1 vs 0 | |FH——

0 50 100 150 200 250
Odds Ratio




We plot ENRL_5_DAYS_PRIOR_TO_ORIG and
ENRL_GROUP_ORG into the same plot for a better

visualization of OR.

For each increment of enrollment during the five
days period prior to 01/05/23, sections with more
than 10 enrollment on 01/05/23 (coded as 3) have a
higher chance (15.705 times) of NOT being cancelled
than empty sections (coded as 0). The odds of NOT
being cancelled for the 6-10 enrollment group
(coded as 2) is 78.365 times, and for the 0-5
enrollment group (coded as 1), the odds are 10.069

times higher than those empty sections.

Probability

Predicted Probabilities for EVENT_ORIG=0
AtLEC_STRT_TIME_FACTOR=0 ONE_DAY_BEFORE_DEADLINE_ORIG_DOU=0 WATCHLIST=0

1.00

075

0.50

025

0.00

-10 0 10 20
ENRL_5_DAYS_PRIOR_TO_ORIG

ENRL_GROUP_ORG 0 1 2 3

16




* We plot ENRL_5_DAYS_PRIOR_TO_ORIG and
ONE_DAY_BEFORE_DEADLINE_ORIG_DOUBLE_
DIGIT into the same plot for a better

visualization of OR.

* For each increment of enrollment during the five
days period prior to 01/05/23, sections with
double digit enrollment (coded as 1) have a
higher chance of NOT being cancelled (26.614

times) than those with single digit (coded as 0).

Probability

100

075

050

025

Predicted Probabilities for EVENT_ORIG=0
AtLEC_STRT_TIME_FACTOR=0 WATCHLIST=0 ENRL_GROUP_ORG=0

»'/ /'/
/ /

-10 0 10 20
ENRL_S5_DAYS_PRIOR_TO_ORIG

ONE_DAY_BEFORE_DEADLINE_ORIG_DOUBLE_DIGIT
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» We plot ENRL_5_DAYS_PRIOR_TO_ORIG and
WATCHLIST into the same plot for a better

visualization of OR.

* For each increment of enrollment during the
five days period prior to 01/05/23, sections in
the WATCHLIST (coded as 1) have a higher
chance of NOT being cancelled (13.591 times)
than those not being in the WATCHLIST (coded
as 0).

Frobability

Predicted Probabilities for EVENT ORIG=0
AtLEC_STRT_TIVE_FACTOR=0 ENRL_GROUP_ORG=0 ONE_DAY BEFORE_DEADLINE_ORIG_DOU=0

1.00 - —

Fras

// v
//r’ x"/
075 | / /
/ 7]
/ /
.l"l .."'
I|l.' I|I.
050 | £ /
."l;ll II.II
.ff; /
0.25 -| / X
£ ¥
4 4
/ /
- i /
0,00 | ——
-10 0 10 20

ENRL 5 DAYS PRIOR TO ORIG

WATCHLIST 0 1
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Extended Deadline (01/09/23)

Variable Description

ENRL_5_DAYS_PRIOR_TO The number of students who enrolled during the 5 days period prior to 01/09/23.

12.20.22_DOUBLE_DIGIT Coded as 0 if enrollment on 12/20/22 for a section is a single digit (less than 10), and 1 for a double digit.
GROUP_ENRL_5_DAYS _PRIOR Coded as 0O if the total enrollment 5 days prior to 01/09/23 is less than 5, and 1 if the total enrollment is > 5.

STRT_DATE_ENRL_GROUP Enrollment on 12/20/22, coded as 0 if enrollment is 0-5, coded as 1 if enrollment is 6-10, coded as 2 of enrollment is >10.
ENRL GROUP_EXT Enrollment on 01/09/23, coded as 0 if enrollment is 0, coded as 1 if enrollment is 1-5, coded as 2 if enrollment is 6-10, coded

as 3 if enrollment is >10.

ONE_DAY_ BEFORE_DEADLINE Coded as 0 if enrollment on 01/08/23 for a section is a single digit (less than 10), and 1 for a double digit.

TIME_TO_CANCEL_EXT * The number of days from 12/20/22 to the day a section is cancelled. If the section is not cancelled during this period, we
assign the value 20. *We create this variable to answer question 1 in page 6.

HIGHLY_ENRL_EXT ** Coded as 1 if the average daily enrollment between 12/20/22 and 01/09/23 is 2 0.5, and 0 if the average is < 0.5. **We
create this variable to answer question 2 in page 6.

WATCHLIST Coded as 1 if the section is on the watchlist, and 0 if not.

LEC_STRT TIME_FACTOR Coded as 0 if the lecture start time is between 8AM and 10AM, coded as 1 if the LEC start time is between 10AM and 12PM,

coded as 2 if the LEC start time is between 12PM and 2PM, coded as 3 if the LEC start time is between 2PM and 4PM, coded
as 4 if the LEC start time is after 4PM, coded as 5 for online classes.



Analysis of Maximum Likelihood Estimates

Standard Wald
Parameter DF | Estimate Error | Chi-Sguare | Pr = Chi5g
Intercept 1| -2.2863 0.2588 837147 <0001
ENRL_5_DAYS_PRIOR_TO 1 0.2818 0.1073 12,5424 0.0004
STRT_DATE_ENRL_GROUP | 1 | 1 0.8642 0.3720 B8.7180 0.0085
STRT_DATE_ENRL GROUP | 2 | 1| -08718 0.9227 1.1088 0.2023
EMRL_GROUP_EXT 1 1 3.07E85 o.2192 1858285 <. 0001
ENRL_GROUP_EXT 2| 4 4.8061 0.4011 1405333 <0001
ENRL_GROUP_EXT | 52208 1.2767 42 5720 <0001
WATCHLIST 1] 1 2017 0.4493 20,0000 <0001
Response Profile

Cirdered Total

Value | EVENT_EXT | Frequency

o 1587

21 1 434

Probability modeled is EVENT_EXT="0".
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Accuracy Level
of Model 2

* The final model 2 has the AUC
is 0.9631, which implies a
96.31% chance that the model
identifies which sections would

be cancelled correctly.

* Let’s interpret the impact of
these significant factors in
explaining the cancellation rate

by using the odds ratio.

Sensitivity

1.00

075

030

025+

0.00 -

0.00

ROC Curve for Selected Model
Area Under the Curve =0 9631

025 050 075
1 - Specificity

1.00
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Model 2 — Final Model’s
Odd Ratios

STRT_DATE_ENRL_GROUP 1vs 0

0dds Ratios with 95% Wald Confidence Limits

STRT_DATE_ENRL_GROUP 2vs 0

Event of interest is NOT being cancelled by the

ENRL_GROUP_EXT1vs 0

Extended Deadline (01/09/23). ENRL_GROUP_EXT 2450

ENRL_GROUP_EXT3vs 0

Assuming other factors stay constant: WATCHIST1 v 0

10000 20000 30000 40000 S0000
QOdds Ratio

« ENRL_5_DAYS_PRIOR_TO_EXT has OR is 1.465,

which means for each increment in enrollment

during the 5 days period prior to 01/09/23, the Odds Ratio Estimates
: : 95% Wall:! :
odds of NOT being cancelled of that section is - i | i
ENRL_5 DAYS5 PRIOR_TO 1.485 1.185 1.810
. . STRT_DATE_ENRL_GROUFP 1 vs 0 2823 1.265 5435
1.465 times the odds of other sections. STRT_DATE_ENRL_GROUF 2va 0 0276 | o062z | 23m

ENRL_GROUP_EXT 1vs 0 21.683 14.083 33.350
ENRL_GROUP_EXT 2vs 0 125.113 | 81.561 206.542
ENRL_GROUP_EXT 3vs 0 =300.900 | 330553 | 00000
WATCHLIST 1vs 0 7476 2.005 18.053




Frobability

Predicted Probabilities for EVENT_EXT=0
AtENRL_GROUP_EXT=0 WATCHLIST=0 LEC_STRT_TIME_FACTOR=0

1.00 -

075

050 -

0.25-

0.00 -

-20

-10 0 10
ENRL_5_DAYS_FRIOR_TO_EXT

|STRT_DATE_ENRL_GROUP g 1 2
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« We plot ENRL_5_DAYS_PRIOR_TO_EXT and
STRT_DATE_ENRL_GROUP into the same plot for

a better visualization of OR.

* For each increment of enrollment during the
five days period prior to 01/09/23, sections with
6-10 enrollment on 12/20/22 (coded as 1) have
a higher chance of NOT being cancelled (2.693

times) than sections with 0-5 enrollment (coded

as 0).

* However, sections with more than 10
enrollment (coded as 2) have the odds of NOT
being cancelled LOWER by 0.378 times than
sections with 0-5 enrollment. This implies the
double - digit enroliment on 12/20/22 still could

be at risk of being cancelled.




Probability

Predicted Probabilities for EVENT_EXT=0
AtLEC_STRT_TIME_FACTOR=0 STRT_DATE_ENRL_GROUP=0 ENRL_GROUP_EXT=0

1.00

0.75

050

0.25 -

0.00 -

-20

-10 0 10
ENRL_S_DAYS_PRIOR_TO_EXT

WATCHLIST 0 1

* We plot ENRL_5_DAYS_PRIOR_TO_EXT and

WATCHLIST into the same plot for a better

visualization of OR.

* For each increment of enrollment during
the five days period prior to 01/09/23,
sections in the watchlist (coded as 1) have a
higher chance of NOT being cancelled (7.476
times) than sections not in the watchlist

(coded as 0).




Probability

Predicted Probabilities for EVENT_EXT=0

AtLEC_STRT_TIME_FACTOR=0 STRT_DATE_ENRL_GR-(-)UP=0 WATCHLIST=0

1.00 -

0.75 -

0.50 -

0.25

0.00 -

20

ENRL_S_DAYS_PRIOR_TO_EXT

ENRL_GROUP_EXT 0 1 2

0

* We plot ENRL_5_DAYS_PRIOR_TO_EXT and
ENRL_GROUP_EXT into the same plot for a

better visualization of OR.

* For each increment of enrollment during

the five days period prior to 01/09/23,

sections with more than 10 enrollment on

01/09/23 (coded as 3) have a higher chance

of NOT being cancelled (more than 999.999
times) than empty sections (coded as 0). The
odds of NOT being cancelled for the 6-10
enrollment group (coded as 2) is 135.113,
and for the 0-5 enrollment group (coded as
1), the odds are 21.683 higher than those

empty sections.




Discussion and Conclusion




Discussion

We created two logistic regression models (one for the original deadline -
01/05/23, and another one for the extended deadline — 01/09/23) to -
predict which sections will be cancelled (the accuracy rate is approximately
93% and 96%, respectively) and to answer three hypothesis questions on

page 6.

Does the extension period have a statistically significant impact on the
number of cancelled sections?

v For both models, at 95% confidence level, there is NOT sufficient
evidence to conclude TIME_TO_EVENT (the number of days from
12/20/22 to the day a section is cancelled) is statistically significant. In
other words, extending the deadline does NOT significantly secure more
sections from being cancelled.
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Discussion

2. Will highly-enrolled sections benefit from the extension period?

v Yes, but how we define “highly-enrolled” sections also play an important key
here. We created a “highly-enrolled” variable (introduced in page 10 and 19),
unfortunately, that variable is NOT significant in explaining the cancellation rate.
Instead, both models show some indicators that we can consider “highly-
enrolled”, or “lifesaving” (to be precise) for some sections:

.0

% “Enrollment during five day prior to the deadline” - the higher the enroliment,
the better it is.

% “Having a double-digit enrollment one day before the deadline”.

K/

*

“Having more than 5 students enrolled by 6 AM on the deadline day”.

R/
0’0

“Being in the watchlist”.



Discussion D

3. Which other factor(s) are statistically significant in explaining the cancellation rate?

v In addition to the factors that we discussed in the previous page, the extended
deadline model identifies the “Enrollment group on 12/20/22" as also being

statistically significant in explaining the cancellation rate.

v' Sections with 6—10 enrollment have a higher chance of NOT being cancelled

compared to sections with 0-5 enrollment.

v' But sections with more than 10 enrollment have a LOWER chance of NOT being
cancelled compared to sections with 0—5 enrollment. Please keep in mind that all
these sections are under enrolled on 12/20/22. This implies having high enrollment
early on does not always mean that a section will make it by the cancellation
deadline. During the more than two weeks period until the deadline, students can

@ iconscout | Traitoang 5 change their mind, drop/switch sections, and put those double-digit sections (on

12/20/22) at risk of being cancelled later.

v One drawback of this variable is that we set the sections with 0-5 enrollment as the
reference to compare with other groups. Therefore, we cannot comment about the

relationship between the two groups 6-10 enrollment and more than 10 enroliment.

29



Five day prior to the
deadline is the “prime
period” to determine
whether the section
can make it or not.

being cancelled.

In addition, those significant
factors (“Having a double-
digit enrollment one day
before the deadline”, “Having
more than 5 student enrolled
by 6 AM on the deadline
day”) are “lifesaving”
indicators which assist us to
predict the odds of a section

Conclusion

Understanding the
enrollment trend during
the “prime period” and
the “lifesaving” indicators
assist the school of
leadership to determine
which sections should be
added into the watchlist,
which later may be
beneficial in reducing their
chance of cancellation.

” u

According to this analysis,

we recommend keeping the

practice of allowing the

school of leadership to make

the decision to cancel

certain sections on one day
as well as add sections with
the chance of surviving (that

meet either some or all

“lifesaving” indicators) into

the watchlist and make a

final decision on a later day.
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In order to assist the
school of leadership in
making their data-driven
decision for future
enrollment monitoring
periods, we offer two
helpful tools:

© The daily enrollment
dashboard.

© Qur predictive model
to identify any section at
risk of being cancelled.



Contact Info

* Feel free to send your
question/suggestion/discussion
to:

Daniel Le
dle@DallasCollege.edu

Dr. Jeremy Monteath-Valdez
Jeremy.Valdez@DallasCollege.edu
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