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INTRODUCTION: A major problem in analyzing factors contributing to students
successfully completing a first semester Calculus course is the large number of students
who withdraw from the course during the semester. Traditional statistical approaches
(e.g., correlation and linear regression) may give biased results. Statistical techniques
under the rubric of survival analysis offer ways of handling such censored data. The
purpose of this paper is to suggest methods from survival analysis to address these
challenges.

METHODOLOGY: This study involved observations of students over one-semester
(fall 2003) at a small liberal arts university. One way to address the challenges associated
with the relatively large number of withdrawals during the semester is to focus on the
complementary event unsuccessful in completing the course. The methodology used in
this study involves the notion of censored data.

Censoring occurs when the outcome or event of interest is not known for an individual
during the period of observation. Consider four cases of students in Calculus 1 during the
fall 2003 semester.

Censoring
case 1 earned "F*

case 2 ] withdrew with "C"”

case 3 | withdrew with "F"
case 4 eamed "A"
start end

Figure 1: Censoring (cases 2 & 4) & Event Occurrence (cases 1&3)

Case 1 is a student who completed the semester with a failing grade F. Cases 2 and 3
represent students who withdrew during the semester, the first with a grade of C and the

74



second with a grade of F. Case 4 represents a student who completed the semester with a
grade of A. The event of interest is failure to successfully complete the course (or simply
"unsuccess"). In case 1, the event occurred during the period of observation (at the end of
the semester) so no censoring occurred. Case 2 is an example of censoring. The student
withdrew during the semester but had a C average to date in the course. This student is no
longer at risk of failure. The student in case 3 withdrew during the semester and had an F
average in the course at the time of withdrawal. The event "unsuccess" occurred for this
student, so no censoring occurred. The student in case 4 completed the course with an 4.
The event "unsuccess" did not occur. This student is no longer at risk of failure. However,
in the context of survival analysis terminology, this case is considered censored.

The event of interest for this study was

1, if ’yes”

0, if "no”

indicating w hether or not the student (a) withdrew d uring the semester with aD or
average at the time of withdrawal or (b) earned a final grade of D or F. Many students,
because of their major, need at least a C in Calculus 1.

Evnt WDF = {

Determining an exact time in days that a student withdraws from a class is difficult. Some
students simply stop attending class but do not officially withdraw until near the end of
the semester. A solution to this time problem is to use a proxy for time to event. There
were five major tests (Modules 1 to 5) and a final exam. I used these six events to define
the variable Time to Event (Mods), the proxy for time:

k, if event occurred (Evnt_WDF = 1) after Mod ktest, k=1,2,...,5

6, if event occurred (Evnt_WDF = 1) after final exam

For example, if the last recorded test grade for a student was the Mod 4 test and the
student had an F average to that point, then the time variable 7 Mods = 4 for that student.
Although T Mods is discrete, I treated it as a continuous random variable.

T Mods =

The proportional hazards model used in this study is
hi(2) = [ho(z)]ePo + Brxn + Baxiz + faxis +ﬁ4xi4’l' =12, ..n
where
h(t) is the hazard for the i-th case at time ¢
ho(t) is the baseline hazard at time ¢
p; s the value of the j-th regression coefficient (j = 0,1,2,3,4)
xj  1s the value of the i-th case of the j-th covariate.
and the p = 4 covariates were
xi1 =DVMath; Took Developmental Math (0 =no; 1 = yes)
xpn = Atmp1070; Number of previous attempts of Calculus 1 (0, 1, ...)
xi3 =preTstN;  Pre-Test score (max = 25)
xis = PCbypass By-passed Pre-Calculus (0 = no; 1 = yes)
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The pretest ("Assessment of Basic Mathematical Knowledge and Skills for Calculus 1")
was a 25 item multiple choice test administered on the first day of classes. The pretest
was authored by mathematics faculty teaching Calculus 1 in fall 2003. Each question had
five choices, one correct and four incorrect. Two-hundred eighty-four (284) students took
the pretest. Some o f these students dropped the course before the first m ajor test, and
those students are not included in the data. Students who were not present on the first day
of classes do not have a pretest score. Cronbach's Alpha reliability coefficient for the
pretest was 0.616.

I used Statistical Package for the Social Sciences (SPSS) 12.0 for Windows to perform a
stepwise Cox regression with T _Mods as the time to event, Evat WDF as the event
indicator, and with the entry criteria for the first three covariates set to forward likelihood
ratio test. Covariates that are not statistically significant will not appear in the final
model. Since I wanted the fourth covariate (PCbypass) to appear in the final model, I
entered it in a separate block with entry method "Enter" specified. Both DVMath (took
Developmental Math) and PCbypass (by-passed Pre-Calculus?) are categorical variables
(1 for "yes" and O for "no"). Separate survival and hazard functions were generated for
each of the two values of PChypass at the mean of any other covariates remaining in the
model at the end of the stepwise procedure. Also, the baseline hazard function was
estimated.

RESULTS: Descriptive statistics were computed but are not shown here. Table 1 shows
the parameter estimates for the variables in the final proportional hazards model.

Variables in the Equation

95.0% Cl for Exp(B}
B SE Veaid at 8ig. Exp(B} Lower Upper
Dvidath - 258 314 677 4 A11 772 417 1.428
PreTsiN - 108 031 12.193 1 000 897 844 984
PChypass 471 227 4,320 1 038 1.602 1.027 2.499

Table 1: Variables in the Final Model

The final model predicted hazard for the Cox regression model is
hj(t) — [ho(t)]eﬂo +(~.258)DVMath; + (-.109)preTstN; + (471 )Pbepass,-,l- =12, .1

= [ho(t)]ePo - (0.772)P"Mathi [ (0.897)PF™Ni . (1.602)PPP™Si 1 =12, .n

The “unsuccess” hazard for a student who did not take Developmental Math is 0.772
times that ofa student who did take D evelopmental Math. (In the c ategorical v ariable
recoding during analysis, D¥Math = 1 for a student who did not take Developmental
Math.) The “unsuccess” hazard is multiplied by 0.897 for each unit increase in PreTstN.
In other words, as expected, the higher the Pretest score, the lower the hazard and the
higher the survival rate, that is, the more likely the student successfully completes
Calculus 1. The “unsuccess” hazard for a student who did not bypass Pre-Calculus is
1.602 times that of a student who did bypass the Pre-Calculus.
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Hazard and survival curves were generated. Only the latter are shown here. Figure 2
shows separate model-predicted survival curves for values of P Chypass. Students who
by-passed Pre-Calculus and went directly into Calculus 1 (PCbypass = 1) have a survival
curve that is higher than those who did not by-pass Pre-Calculus (PCbypass = 0).

Survival Function for patterns 1 -2
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Figure 2: Cumulative Survival Functions

DISCUSSION: The main objective of this paper was to present a methodology to
explore in a longitudinal study risk factors in undergraduate Calculus. A proportional
hazards model was used to describe the relationships between (a) an event of interest
(failure t o successfully complete the c ourse), (b) the time this e vent o ccurs d uring the
period of observation (a full semester), and (c) several covariates. A status variable
(Evnt_WDF) was defined to indicate whether or not the event occurred (1 = yes, 0 = no).
Because of difficulties inherent in determining an exact time, measured in days, that the
event occurs for a student, a proxy for time (I’_Mods) was defined and used in the model.
Four covariates were considered (DVMath, Atmp1070, PreTstN, PCbypass).

Cox regression was used to estimate parameters (regression coefficients) of the model. A
forward stepwise procedure was used to include or exclude covariates in block 1
(DVMath, Atmpl1070, PreTstN). Based on criteria set in the stepwise procedure, only
DVMath and PreTstN were included in the model at the end of block 1. Since I wanted
the covariate by-passed Pre-Calculus (PCbypass) to appear in the final model, I included
this variable in block 2 of the model building process. The coefficient for DVMath in the
final model was not statistically significant after the variable PCbypass was included.

Although the time variable T Mods as defined in this study is discrete, I treated it as a

continuous random variable. For one of the 10 sections of the course, I did have a
measure in days of time to event (7_Days). Using the same proportional hazards model
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described in this paper with T'_Days as the time variable, only PreTstN was significant in
the final model. Of the 22 students in that one section, the event Evat_ WDF occurred for
7 while the other 15 students were censored. The value of e for PreTstN in this model
was 0.791, somewhat lower than the 0.897 value for the model with T Mods for time.
The status variable Evnt_ WDF was used to indicate whether or not the event of interest
(failure to successfully complete the course) occurred.

The 303 subjects included in this study were a convenience sample, namely, the students
enrolled in Calculus 1 for fall 2003 at the private liberal arts university. Inferences to
other populations may not be appropriate. However, the methodology proposed in this
paper for investigating risk factors can be applied to other courses in w hich there is a
relatively large number of students withdrawing during the semester. If a time to event
variable is not d efined, or one wishes to analyze the data independent o f time, binary
logistic regression with Evat WDF as dependent variable may be used.
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