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Abstract

This paper reports on our experiences implementing a parachute pro-
gram that identifies struggling students in a Computer Science I course
and invites them to “parachute” out and start over mid-semester in a
lower-level computing course that still confers credit toward their de-
gree program. This program gives students a second chance at success,
aims to improve student outcomes in early computing curricula, and to
improve retention overall in computing majors.

1 Introduction

Many students struggle in introductory STEM courses. Within computing
disciplines the number of DFW students (those receiving a non-passing grade
of D or F or withdrawing from the course) has remained consistent across time,
delivery mode, programming language, etc. [15]. Much research and effort has
been done in an attempt to address this issue and to improve student outcomes.
Introductory computing courses are especially challenging because of the non-
uniform and non-standard coverage of computing in high schools. Students
come into college with highly varying backgrounds in computing.
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We present a novel approach to this problem through a Parachute Program
that has been used at the University of Nebraska—Lincoln’s School of Comput-
ing for the last two years. Through a combination of self- and instructor-based
assessments, struggling students are identified at pre-defined milestones in a
Computer Science I (CS1) course. Students who are at risk of failing are invited
to “parachute” out of the CS1 course and safely land in a lower-level Computer
Science 0.5 (CS0.5). In this new course they are given the opportunity to start
over.

The goal of this program is to improve student outcomes overall. For strug-
gling students in particular, it aims to improve retention by strengthening their
foundation and giving them a chance to acclimatize themselves to college life.

2 Related Work

Methods have been tried across many STEM disciplines to address struggling
students. Placement exams are commonly used to place students into an ap-
propriate introductory course that matches their background knowledge and
readiness. However, these exams are far from perfect. Underplacement (plac-
ing well-prepared students in lower level courses) is far more common than
overplacement (placing students in a course they are not prepared for) [13].
Placing students into remedial courses can have wide-reaching and long-term
negative impacts [7]. Taking a remedial course also has an an impact on time-
to-graduation and disproportionately affects under-represented minority stu-
dents. Not only do remedial courses have extensive costs to institutions and
students, the overall research on their benefit is mixed at best [2].

Other efforts attempt to identify struggling students while they are taking
a course. Math departments have been administering “gateway” exams since at
least the 1980s which have evolved over time. The key difference with gateway
exams is that they are given within a course and intended to measure skills
which every student in a course should develop rather than whether or not
they are prepared to take the course [10]. Reporting indicates passing rates
are typically high (though initially may be as low as 50% the first time a
student takes it). However, this is in contrast to the typical failure rates of
college math courses [4] which are as high as 27% in Calculus I [5].

In addition, though a gateway exam may be part of a student’s grade, they
only serve as a guide to the student and instructor as to whether or not they
have learned the material that is expected of them or whether they are on the
right trajectory to complete the course. Whether or not they pass a gateway
exam does not affect a student’s enrollment in the course.

Within computing disciplines several placement exams have been developed
[14, 12]. These efforts have faced challenges because the typical CS-related K—



12 curriculum is not nearly as standard as (say) math and may not exist at all.
As a consequence, students enter college with a much wider variety of prior
computing experience.

However, these tests have been used mostly to determine whether or not
a student should be placed in CS1 (low or no prior experience) or is prepared
enough to start off in CS2. This is because historically most computing curric-
ula only have these two options for introductory courses. With the explosion in
computing enrollment and the expansion of computing sub-disciplines (CS+X,
data science, informatics, etc.), this is less true. Many institutions have started
to offer a wider variety of introductory courses catering to different student in-
terests, backgrounds and goals.

A recent effort has been made to adapt and extend existing placement ex-
ams as an instrument to assess a student’s preparedness to take CS1 or to take
an alternative introductory course [3]. Even if no validated instrument is used,
some departments have started offering multiple sections of CS1 targeted to-
ward students with differing prior computing experience [9]. Though they may
cover the same topics, these courses may differ in the delivery or assessment or
offer more or alternative opportunities for practice and collaboration.

No evidence could be found that this parachute program or any similar pro-
gram is used by other institutions. Nevertheless we mention that the parachute
program was inspired by a similar program that was supposedly used in some
chemistry departments (folklore).

3 Parachute Program

The parachute program was first piloted in spring 2023 and involved several
significant changes to curriculum and to the structures, schedule, and topics of
courses.

3.1 Courses

The School of Computing at the University of Nebraska-Lincoln offers a wide
variety of introductory computing courses. The two most relevant courses to
the parachute program are CSCE 101 and CSCE 155A.

CSCE 101 is a CS0.5 course in that it is more than a rudimentary com-
puting skills course but not fully a CS1 course. It emphasizes problem solving
and introduces basic python programming. As a service course, it is intended
mostly for non-computing majors as it satisfies general education requirements.
Traditionally 101 has been a terminal computing course. As a consequence,
enrollment is extremely diverse, attracting students from all levels and dozens
of different majors.



CSCE 155A is a full CS1 course [1] intended for computing majors. It cov-
ers problem solving and software development principles. Enrollment consists
mainly of incoming freshman computing majors serving as their first college-
level computing course. There is no computing prerequisite and no prior com-
puting or programming experience is necessary or expected. This course in-
troduces computational thinking by solving puzzles. Students are introduced
to programming by first writing formulas in Google Sheets and then develop-
ing rudimentary programs to solve real-world examples using Coral [6]. Once
the students are comfortable using computational thinking to write programs,
Python is introduced using a flipped classroom model. The students learn the
basics before the class using an interactive, auto-graded textbook. Class time
is spent on live coding demonstrating the problem solving process on problems
and puzzles from the well-known Algorithmic Puzzles book [11]. For example,
when recursion is covered, class time is used to develop code to solve the three
jugs puzzle (given an 8-pint jug full of water and two empty jugs of 5- and 3-
pint capacity, get precisely 4 pints of water in one of the jugs by filling up and
emptying jugs into others) using recursion. Students are then assessed using a
more complex problem for which they develop a full program. For recursion,
students are challenged to develop a program to draw the decision tree for the
four knights puzzle [8].

Both courses are offered as 15-week semester courses in fall and spring
semesters and are synchronized with the same weekly lecture and lab schedules.

3.2 Process

Student progress in CSCE 155A is closely tracked in the first five weeks. Assess-
ments are evenly distributed throughout the semester so that approximately
one third of the assessment has been completed by the end of the 5th week.
In the first week students are given a Computing Skills Inventory “exam” [3]
which is graded and gives both the student and the instructor a baseline on
whether or not the student is likely to succeed (pass) in 155A.

In week 5 students whose grade is less than 73% (C) are invited to join the
parachute program and switch their enrollment to CSCE 101. The invitation is
entirely voluntary. Those that opt-in to the parachute program are re-enrolled
into 101 and “restart” their introductory course in week 6. The re-enrollment
and administrative processes are handled entirely by faculty and staff. Those
that choose not to opt-in continue their enrollment in CSCE 155A. In all cases,
tracking of student progress continues through the end of the semester.



3.3 Curricular Changes

Prior to adopting the parachute program, several curricular changes were made.
First, CSCE 101 was reorganized so that the first 5 weeks consisted of general
computing topics and computational thinking but no formal programming. In-
troduction to coding (Python) was moved to begin in week 6. Second, curricu-
lum rules were changed to allow CSCE 101 to count toward degree requirements
of computing majors provided that it was completed before any other comput-
ing courses. Prior to this, it did not count toward any computing degree (other
than general credit hours).

These two changes were necessary to make the parachute program possible.
Students being parachuted into 101 from 155A would have been completely lost
if simply dropped into a course 5 weeks into the semester. By front-loading the
course with general computing topics, parachuted students get a fresh (re)start
in 101 at the point that Python is being introduced in both courses.

It was also necessary to ensure that 101 counted toward a computing de-
gree program so that credit hours were not lost by the student. This change
also mitigates the impact that parachuting has on the time-to-graduation for
computing students.

4 Results

The parachute program began in spring 2023 and has been offered for four
semesters total. During this period, enrollment and DFW rates (see Table 1a)
have been fairly static with overall rates being 15.25% and 37.37% for CSCE
101 and CSCE 155A respectively.

The number of invitees and those who accepted the invite to parachute
from CSCE 155A to CSCE 101 can be found in Table 1b. Spring 2023 was the
initial pilot for this program and so was more targeted with fewer invitees. The
number of invitees has grown as adjustments and refinements to the process
have been made. The number of students accepting the parachute opportu-
nity is somewhat volatile but consistent with respect to on/off semesters (the
bulk of incoming freshman students are in fall while spring has a more diverse
enrollment of transfers, retakes, non-majors, etc.).

For students that accepted our invitation the outcomes were very positive.
They successfully integrated into CSCE 101 and were able to perform fairly
well. The majority (20/25) passed mostly with A (11) or B (6) grades. Nev-
ertheless some were not able to make the transition and either failed (1) or
ultimately withdrew (4).

In contrast, those that declined our invitation (37) to parachute did ex-
tremely poorly. While one student was able to achieve a B and 6 were earned
a C, the vast majority earned grades of D (6) or F (13) or ultimately withdrew



Table 1: Course Data during the parachute program from Spring 23 (S23)
through Fall 2024 (F24)

[ [ CSCE101 | CSCE 155A | [ Sem | Invited (%) | Accepted (%) |
Sem Enr. | DFW Enr. | DFW S23 4 (5.80%) 4 (100%)
S23 | 131 | 1832% | 60 | 34.78% F23 | 14 (10.61%) | 7 (50%)
F23 99 18.18% | 132 35.61% S24 24 (27.91%) | 3 (12.5%)
S24 | 157 | 12.74% | 86 | 36.05% F24 | 20 (23.85%) | 11 (55%)
F24 | 118 | 12.71% | 85 | 43.53% Total | 62 (16.67%) | 25 (40.32%)
Total | 505 15.25% | 372 37.37%

(b) Parachute program invitees and
(a) Semester-by-semester enrollment accepts(numbers and percentage of
(Enr.) and DFW rates the class) by semester.

(11) giving an overall DFW rate of 81.08%, far exceeding typical failure rates.
A sankey flow diagram of these outcomes can be found in Figure 1.

Beyond the success rates
of these introductory courses,
one of the aims of the nsc
parachute program is to re- e
tain more students in com- 1
puting majors. Unfortu-
nately, among students prior
to fall 2024 that received an Tt
invitation to participate (42) ot
nearly half (20) had dropped 3 ®
or failed out of college en-
tirely (though it is possible oegine

some transferred to another Figure 1: Flow of students through CSCE 155A

institution). Nevertheless, and the Parachute Program.
among those still enrolled,

nearly one third (7/22) per-

sisted in their computing major and were still matriculating a year later.
Though the remaining students found different majors (15/22), some continued
with computing as a minor. Though it is still early, data from fall 2024 pro-
vides a bit more optimism. More students in this cohort (7/11) are continuing
with computing courses and all are still enrolled.

No Invite
335

5 Discussion

The numbers presented in this paper are admittedly small. However, we are
making no claims of generalization or formal methodological analysis. The



parachute program attempts to engage with students who are already on the
margin and so the numbers will necessarily be small. Nevertheless, our ex-
periences and data over the last two years give several interesting points of
discussion. Our experiences have also led to refinements and we’ve identified
some best practices.

5.1 Common Outcomes

Given that students who accepted our invite did well and those that declined
tended to fail, an obvious first question is: why did students decline our in-
vitation? Unfortunately, we don’t have much in the way of direct data to
answer this question. A small number of students were unable to accept the
invitation because they had already taken and passed the parachute course
or they were non-computing majors whose program required 155A (or would
not count 101). We do have some anecdotal evidence that students wanted to
persist with CSCE 155A and intended to improve, a sort of sunken cost fallacy.
However, more commonly we observed that students who were already failing
at that point were completely disengaged with the course to the point that
they ignored even our outreach efforts.

This theme continued when we looked at the near-term data. About half
of all students who declined parachuting had failed or dropped out of our
institution entirely within the next year. This suggests that these students were
experiencing problems that went well beyond these courses and the computing
curriculum. Most had failed more than one course or even the majority of their
courses.

Nevertheless, the parachute program did result in significant positive out-
comes. It was able to successfully retain a good number of students who may
not have persisted in computing or in college at all. Given the minimal invest-
ment in administrative time and effort, these are very positive outcomes.

Though retention in computing majors is certainly a goal, it is not the
only positive outcome. Many students switched to other disciplines (which is
common) but still earned credit for the parachute course toward their degree
program. This program serves as an easy “off-ramp” to students who were not
entirely set on a computing major. They were able to get a taste of computing
and decide that it was not for them without losing out on the credit hours
or negatively impacting their GPA. These students also have the potential to
return to computing later on or in alternative ways such as receiving a minor.

Though it was not observed directly, the invitation process itself may serve
as a wake-up call to students who are under-performing early in the course and
can serve as an early intervention mechanism.



5.2 Refinements

Though the program is only two years old, several refinements and adjustments
have been made. Only about a third of the invitees are represented in the final
DFW students. That is, a good majority of DFW students were not initially
identified and invited to parachute in the first 5 weeks. This suggests that
students do not necessarily “fail fast” in this course. To address this, we have
adjusted the cutoff for invitees downward over time in an effort to capture
more students who would otherwise fail. In the most recent offering of the
course, students meeting the parachute criteria were contacted directly with an
invitation, however, the entire class was made aware of the program. Students
who were doing well or reasonably well were also given the opportunity to
opt-into the program. Several students took this opportunity citing stress,
workload, or perceived difficulty of the course as reasons.

In Fall 2024, the program was expanded to include another CS1 section
designed for students with some computing background. However, among 8
students invited, all declined and all eventually failed. Nevertheless, we intend
to continue and expand the program going forward.

5.3 Best Practices

We see the curricular changes discussed in Section 3.3 as necessary to a program
like this. If students are to be re-enrolled in a different course during a semester,
it is absolutely essential that the course count toward their degree program in a
significant way. Without this change, parachuting would only exacerbate time-
to-graduation challenges. Any program considering a change like this needs to
reexamine and potentially realign their early curriculum as a first step.

Recall that it was necessary to ensure that the content of the parachute
course, CSCE 101, be realigned to accommodate students entering the course
at week 6. However, our CS1 course content also had to be aligned so that
assessments were more evenly distributed using smaller assessments and front-
loading the course so that early success or risks could be established. If the
course had a more traditional structure, say heavily exam-based, trends in
assessment could not have been observed.

Another necessary component is clear and frequent communication. Stu-
dents need to know if they are doing well in the course even before the 5 week
invite period. The invitation also needs to be crafted so that it is not an in-
dictment of the student’s performance but instead framed as a way to provide
them help and an opportunity to succeed.

Now that we have a good amount of data, we intend to update our com-
munication strategy to provide more transparency with respect to that data.
In particular, we intend to share general success rates of those who choose to



parachute versus those that do not.

Though not a best practice, another necessary component to a program like
this is administrative buy-in. When this program was originally proposed there
was initial concern that students could not be administratively re-enrolled mid-
semester. There were questions as to the impact on financial aid, scholarships
and other legal issues. As a result, the program, though approved, is required
to be voluntary for students. Administrative support was also necessary to
handle the logistics of re-enrollment and to prevent late enrollment fees.

6 Conclusion

As with any intervention, change and improvement are incremental; there is
no silver bullet. The results of our parachute program are somewhat mixed,
but the positive results are compelling especially given the minimum amount
of work required to implement and administer it. In doing so, it has also
led to other positive curricular changes. This paper has outlined the general
process, its results, and best practices so that other institutions might think
about adopting or adapting a similar program.
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