A Flexible Formative/Summative Grading System for Large

Courses
Albert Lionelle Sudipto Ghosh Marcia Moraes
Northeastern University Colorado State University Colorado State University
a.lionelle@northeastern.edu ghosh@cs.colostate.edu Marcia.Moraes@colostate.edu

Tran Winick
Colorado State University
tran lieu@colostate.edu

ABSTRACT

Students in entry level CS courses come from diverse backgrounds
and are learning study and time management skills. Our belief for
their success is that they must master a growth mindset and that
the final grade should represent their final mastery of topics in the
course. Traditional grading systems tend to be too restrictive and
hinder a growth mindset. They require strict deadlines that fail to
easily account for student accommodations and learning differences.
Furthermore, they run into averaging and scaling issues with 59%
of a score counting as failing, making it difficult for students to
redeem grades even if they later demonstrate mastery of topics.

We designed a formative/summative grading system in our CSO
and CS1 classes for both on-campus and online students to support
a structured growth mindset. Students can redo formative assign-
ments and are provided flexible deadlines. They demonstrate their
mastery in summative assignments. While being inspired by other
grading systems, our system works seamlessly with auto-grading
tools used in large, structured courses. Despite the flexibility, the
courses provided a level of rigor before allowing students to con-
tinue onto the next course.

Overall, 65% of students resubmitted assignments increasing
their scores, participated in ungraded assignments, and used for-
mative assignments for additional practice without a distinction
between race or gender. These students went to the traditional
follow-on CS2 course and 94% passed compared with 71% who took
CS1 with a traditional grading system.

CCS CONCEPTS

« Social and professional topics — Computational thinking; Com-
puter science education.
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1 INTRODUCTION

The grading system in a course should support our pedagogy. If we
believe that students utilizing a growth mindset towards learning
and computer science can develop mastery [6, 11, 16, 18, 26, 38],
we must ask if the grading system supports learning from mistakes,
redoing assignments, and overcoming challenges. Furthermore, if
we want to support students from diverse backgrounds, does the
grading system support their diverse needs and accommodations?

A traditional grading system is typically based on a 100-point
scale, with 59% considered failing, and the remaining 41% passing at
various ranking levels. Students’ ranking in these systems is based
on the culmination of assignments at snapshots in time utilizing
static due dates. Thus, students are expected to follow a singular,
specific path in which every assignment builds on the next, and
their mastery is mostly consistent throughout the whole semester.
While there are various ways teachers have adapted such systems, it
has been argued that the system is inherently biased and inequitable
[7]. It assumes all students come into the course with the same back-
ground, ability and time to work on the course, and the resources
to gain mastery within the specified time ranges. Furthermore, due
to the snapshot approach it takes towards calculating grades, tra-
ditional grading is counter-intuitive to the idea that students can
grow and master topics later. This is compounded by the averaging
and scaling factor that happens when failing grades account for
59% of all possible scores, thus requiring nine assignments at 100%
to repair a zero grade on one assignment. Dropping grades doesn’t
encourage mastery unless there is a clear mechanism that separates
learning and demonstrating mastery.

In order to improve retention and performance for students
who come from a variety of backgrounds, we sought to modify
our traditional grading system to better represent final mastery
of course topics making us rethink how assignments should be
handled. Students would need the ability to resubmit assignments
and even exams, to perceive them as challenges to be overcome even
if they have an initial setback. The grading system should be flexible
to allow students to repair any previous damage to their grades.
Students should be allowed to master different topics at varied rates
within the time constraints of a semester. The system should work
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seamlessly both with our teaching tools, such as interactive text
books, LMS quizzes, and auto graded labs, which are often based on
the traditional grading system’s calculation of grades, and within
the environment of a traditional system requiring that we provide
the standard expected letter grade.

Alternatives, such as grading for equity [7], mastery [8], con-
tract [17], and specifications [27, 29] exist. They attempt to make
grading better reflect student skill level by the end of the course.
However, these systems rely on standards tracking, which we
couldn’t configure in our auto grader and interactive textbook,
or on feedback loops between teacher and student, which do not
scale for large courses. These systems inspired us to develop a
Formative/Summative grading system for use in CS0 and CS1 to
provide students the opportunity to learn, grow, and flexibly show
mastery of the topics while maintaining course rigor.

Formative assignments are those that students could redo as
many times as they wanted, turn in again, even late, without penalty.
We gave students full flexibility to use them to learn the content.
It also takes into account that students come from different back-
grounds and some may need more time on topics. Others may need
to move deadlines to reflect life commitments without always hav-
ing to ask for instructor permission. Formative assignments made
up at least 60% of the final grade to compensate for the traditional
grade scaling factors. We had a small number of Summative as-
signments, which had a limited number of submission attempts
and strict deadlines. They helped students demonstrate what they
learned in different ways. All assignments were scaled to between 0-
4, mapping each point to common growth mindset terms to encour-
age students towards completion. We applied this grading system
across CS0 and CS1, to both on-campus and online courses, in both
Fall and Spring semesters. We answered the following questions:

(1) Do students catch up? Or do they at least use the flexibility
in both submissions and late windows to increase their grade
after the traditional due dates?

(2) Do students from underrepresented populations utilize the
retake attempts and catch up opportunities differently?

(3) Do students continue to perform when these supports are
removed (e.g., their later CS2 course that uses a traditional
grading system)?

Overall, our goal was to develop a grading system that was flex-
ible, student and learning focused, and maintained course rigor,
student performance, and retention. Developing the system chal-
lenges the assumptions we often make about essential elements
of a course, like strict deadlines. The following experience report
shows that students not only made heavy use of the system in CS0
and CS1, but also performed better in a traditionally graded CS2.

2 RELATED WORKS

Traditional grading has shaped how Computer Science (CS) has
been taught for many decades, and it has been challenged within
CS [2, 28] and outside [12, 25, 31]. This section summarizes alterna-
tive grading research that influenced the design of our approach.
Feldman (7] argues that grading for equity instead of traditional
grading can aid a student’s learning process by considering three
principles: accuracy, bias-resistance, and motivation. Grading for
equity can be implemented using standards focused approaches,
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clear rubrics, 0-4 point grading scale, mode-based grading, encour-
agement for resubmissions, no late penalties, and no extra credit.

Specifications grading treats grading as binary. Partial credit is
replaced by feedback and the ability to resubmit assignments until
success [23]. CS courses using this system showed higher scores,
and positive student feedback [27]. Sanft et al. [29] determined that
the time spent grading programs was less than that of traditional
partial grading, but more time was needed to provide feedback.

Nee and Ramirez [22] and Ukpokodu [35] found that allowing re-
submissions with timely feedback not only encouraged assignment
completion and increased the desire to learn the content, but also
enhanced the sense of belonging within the course and the students’
sense of support from the department. Barker et al. [1] and Sax et
al. [30] found that feeling supported by the department, professors,
and peers is a significant indicator of the sense of belonging of
underrepresented students in computing.

Kuhn [14] states that merit grading has contributed to our cur-
rent equity gaps and recommends replacing it with contract grading,
where each student and instructor agree on a set of assignments
that the student needs to finish in order to achieve a desired course
grade. There is no penalty for late assignments.

While Svartdal et al. [34] argue that removing late penalties leads
to procrastination, Martin et al. [19] provides three techniques to
reduce procrastination: create schedules, reflective writing, and
directed email reminders. Of these three, directed email reminders
was the only one demonstrated to reduce procrastination.

Mastery grading focuses on stops in progression until they show
mastery of concepts. Kulik et al. [15] and Garner et al. [8] present
various ways mastery grading has been used and how it positively
influenced student learning in areas such as math, science, social
sciences and CS. Mastery grading has been used to let students
progress at their own pace with general positive feedback from
students [5, 20], improvement in course success rates [32], and
showing that students who used mastery grading had more success
in future CS courses in comparison to students who were graded
more traditionally [20]. Lejeune [17] combined contract grading
with mastery grading as a means to better show mastery require-
ments to students.

O’Malley and Aggarwal [24] and Khanna [13] suggest that un-
graded quizzes done as active retrieval of content contributed to-
ward students’ better performance on final exams. These findings
are in accordance with previous research on the testing effect on
students’ performance [3, 4, 10, 36].

All the above alternative grading systems share a common char-
acteristic: they encourage students to keep working on assignments
until they have met that learning goal. This is the major charac-
teristic of a growth mindset, which, in a national review of K-12
education, has been shown to promote learning and retention, es-
pecially among lower achieving students [38]. A student may not
understand a concept immediately, but providing a structure in
which they can continue to work on something until they learn
it promotes this mindset. In CS, a growth mindset is integral to
student success [16, 26, 33], but Murphy and Thomas [21] state that
this is a difficult topic to teach. Even if faculty express a growth
mindset in their teaching practices [9], intentional pedagogy and
support must be built into the curriculum to promote the same
mindset in students [18].
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3 DESIGN

Our grading system groups assignments into formative and sum-
mative categories. Formative assignments are open all semester
for students to redo until they get it correct. Different assignment
types may have different conditions before a redo/retake attempt is
allowed. Most had a recommended due date, and then a closing date
at the end of the semester after which submissions would no longer
be accepted. Formative assignments included weekly labs, weekly
quizzes (termed knowledge checks), and some exams. Summative
assignments have a limited number of attempts and often a strict
deadline and included final projects, final exams, and reflections.

Students were informed that formative assignments are meant
to facilitate learning and that we won’t punish them for getting
something wrong while learning. We wanted them to go back until
they could get it right. Formative assignments would need to make
up at least 60% of the grade to compensate for the averaging factor
in traditional grading. Summative assignments were opportunities
for them to demonstrate what they have learned and are measures
of their skill level in the subject. By making it at least 40% of the
grade, summative assignments could set a student’s level of mastery
between D-A grades. We found additional constraints were helpful
in motivating students to do the work and make adequate progress
in the course.

Growth Focused Rubric: Assignments were shifted to a 4 point
scale with the grades being growth mindset focused wording of
"Learning", "Approaching", "Meets", and "Exceeds". This rubric was
the basis of auto-graded assignments, including setting up our
coding unit tests as increasing tiers of difficultly to achieve reporting
feedback using those terms.

Mastery of Knowledge Checks / Weekly Quizzes: Weekly
quizzes were given with random questions pulled from question
banks. If they didn’t finish a weekly knowledge check with a 3 or
4, they wouldn’t be able to open up the next week’s readings, labs,
lecture slides, and assignments. To reduce procrastination, students
received emails if they missed the weekly deadline.

Formative Exams: We wanted exams to be opportunities for
students to gauge themselves in a proctored environment. To make
sure students were studying between exam attempts, we required
the students to go back and earn 100% on readings, 100% on knowl-
edge checks, and 80% on the labs in the unit.

Tracking Ungraded Assignments: In CS1 we had ungraded
interactive reading assignments. Even though they were ungraded,
students saw tracked points with recommended due dates, but knew
the scores would not affect their grade.

Liberal Drop Policy: We found it beneficial to be liberal in our
policy of dropping the lowest grade for the formative assignments.
We believed students don’t need every formative to meet the same
skill level as other students, and this gave them the opportunity to
choose formative assignments.

3.1 Course Setup

Between Fall 2021 and Spring 2022, both CS0 and CS1 courses were
set up using formative and summative grading. Due to the differ-
ences in the courses, there are variations in the actual distribution
of grades and how different categories were handled.
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3.1.1 CS0: Python. Formative assignments included interactive
readings and coding labs, which were autograded and could be
resubmitted as many times as they wanted, along with knowledge
checks. They had 3 of 4 essays that were formative, and would only
be resubmitted after they spoke with a TA. Summative assignments
were the midterm exam, the final exam, and a final practical project
that involved both a coding and written portion. A 70/30 split was
used for the formative and summative.

3.1.2  CS1: Java. Like many universities, CS1 is broken up into
prior and no-prior programming experience groups to reduce the
intimidation factor [37]. They do the same assignments, and a 60/40
split was used for the formative and summative. In addition to
knowledge checks and labs, CS1 had 3 of 4 exams formative, and
an ungraded interactive reading category. Exams were generated
from question banks, making every exam slightly different. For the
summative category, they had a final exam, multiple coding exams,
reflective writing, and a final multi-week project.

3.2 Research Setup

To evaluate the benefits of the grading system, we tracked both stu-
dent scores when the assignment was due, and further submission
attempts throughout the course. Students were tracked both Fall
and Spring, and the Fall CS1 cohort was also tracked in Spring CS2
that utilized a more traditional model to see performance compared
to students who learned CS1 by the traditional grading system.

4 RESULTS

Measuring the difference between due dates and the final grade
provides a sense of how many students went back to increase their
formative grades until mastery. We found higher formative grades
also led to higher summative grades, median grade increase was
17 points across all 525 students who opted into the study for both
semesters. Shown in table 1, 65% of students increased 10 points or
more, a letter grade, by going back and redoing assignments after
the due date. The increase was significant for all sections.

Table 1: Overall grade change from due date to final grade.

Group Median Percent Who Increased
Score Change a Letter Grade
All Courses 17 (p <0.01) 65%
CS0: Fall 21 26 (p <0.01) 81%
CS0: Spring 22 | 14 (p <0.01) 60%
CS0: All 20 (p <0.01) 69%
CS1: Fall 21 11 (p <0.01) 52%
CS1: Spring 22 | 17 (p <0.01) 69%
CS1: All 15 (p <0.01) 60%

When grouped by final grade, 54% of A students had increased a
letter grade, i.e., 46% of A students often had A grades by the due
date. B students show 77% increased at least a letter grade from
C or lower to a B before the end of the course. Table 2 shows the
median increase, along with significant difference based on various
group cross sections of the course.

There wasn’t a significant difference between male and female
identifying students as seen in Figure 1. The median grade of both
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Table 2: Grade change across all courses, all semesters.
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increase than on-campus students. This could be attributed to the
necessity of online students being able to flex due dates based on

groups are within a point of each other, while 64% and 66% increased

their grade by 10 points or more.
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Figure 2: Grade change
grouped by race.

Figure 1: Grade change
grouped by gender.

Black students increased the highest of any group with a median
increase of 27, and 78% of Black students increased a letter grade.
Asian students had the lowest increase of any group with only an
11 point and 51% increase of a letter grade throughout the semester.
Hawaiian/Pacific Islander numbers were too small for accurate
measure. Figure 2 shows the grade differences across all courses
grouped by underrepresented minority group and compared to the
majority of students. An ANOVA test between the groups showed
a p value of 0.002, significant at p < 0.05.

While the data shows students are able to increase their grades
and catch up, or at least work at their own pace, a comparison to
historical retention rates by course end showed minimal changes.

4.1 CSO Results

CS0 students showed a higher movement rate across the semester,
with some groups increasing their grade by 34 points (three letter
grades!) on average.

Table 3 shows the breakdown of grade score differences from due
date to the final grade grouped by final grade, and then grouped by
semester plus delivery type. Online students had a 12 point higher

Grou Median Percent Who Increased their life schedules.
P Score Change a Letter Grade

Final Letter Grade (ANOVA: p <0.01) Table 3: Difference between due date and final scores in CS0.
A 12 (p <0.01) 54%
B 23 (p <0.01) 77% Group Median Percent Who Increased
C 28 (p <0.01) 78% Score Change a Letter Grade
D 27 (p <0.01) 90% Final Letter Grade (ANOVA p <0.01)

: A 13 (p <0.01) 60%
F 10 (p <0.01) n/a B 25 (p <0.01) 1%
Gender (ANOVA: p = 0.6) C 25 (p <0.01) 7%
Male 17 (p <0.01) 64% D 28 (p <0.01) 94%
Female 16 (p <0.01) 66% F 12 (p <0.01) n/a
Self Identified Race (ANOVA: p <0.01) Delivery Type and Term (ANOVA: p <0.01)
White 17 (p <0.01) 64% CS 0 Fall - On Campus 26 (p <0.01) 80%
Hispanic/Latinx | 18 (p <0.01) 65% €S0 Falll— Online 34 (p <0.01) 100%
Asian 11 (p <0.01) 51% CSo Spr}ng -On Campus 13 (p <0.01) 59%

CS 0 Spring - Online 25 (p <0.01) 80%

Black 27 (p <0.01) 78%
Native American | 20 (p <0.01) 69%
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Figure 4: CSO grade change
grouped by race.

Figure 3: CSO grade change
grouped by gender.

Figure 3 shows a gender comparison for students in CS0. There
are very little differences between male and female identifying
students. Figure 4 shows the breakdown based on students who
come from underrepresented backgrounds. While Black students
had the highest increase in grade at 27 points, and Asian students
had the lowest at 12 points, an ANOVA test between the groups
shows p = 0.19. There isn’t a significant difference at p < 0.05.

Table 4 shows the final summative averages against formative
averages. CS0 students scored noticeably higher on the formative
side than the summative side, though the formative average was
still predictive of a higher summative average. It is worth noting
the 70/30 split meant students could have lower summative grades,
and still end up with a higher grade in the course. At our university,
a B or higher in CS0 is required to take CS1, which meant students
going on passed both portions of their grade.

Overall, CSO students took advantage of the flexible due dates
and re-submission opportunities, often increasing more than a letter
grade from the original due dates.

4.2 CS1 Results

Table 5 shows the breakdown across letter grade and section. 49%
of A students increased their grade to an A, and with a median in-
crease of 10 points meaning that in many cases they were B students
pushing themselves up a letter grade. Fall semester, on-campus
prior programming experience students had a median increase of
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Table 4: CS 0: Formative and Summative averages.

Final Grade | Formative | Summative
Group Average Average

A 97% 88%

B 89% 70%

C 84% 52%

D 72% 40%

F 36% 13%

only 3 points, and only 23% resubmitted to increase their grade.
The section is mostly made up of students who had AP credit for
high school programming or some other recent programming back-
ground. Contrary to this, 83% and 91% of the prior programming
online students took advantage of being able to resubmit. This
group of students is made up mostly of second bachelor students
who have some self-taught programming and were working full
time. No-prior programming experience students consistently took
advantage of being able to resubmit with 61% for both semesters
on-campus and 80% and 81% online.

Table 5: Breakdown of CS 1 by grade and section. Students
self selected on prior programming experience.

Median Percent Who Increased

Group Score Change a Letter Grade
Final Letter Grade (ANOVA: p <0. 01)

A 10 (p <0.01) 49%
B 22 (p <0.01) 73%
C 30 (p <0.01) 80%
D 25 (p <0.01) 38%
F 9 (p <0.01) n/a
Delivery Type and Term (ANOVA: p <0.01)

CS 1:No-prior Fall - On Campus 14 (p <0.01) 61%
CS 1: No-prior Fall - Online 29 (p <0.01) 80%
CS 1: Prior Fall - On Campus 3 (p <0.01) 23%

CS 1: Prior Fall - Online 37 (p <0.01) 83%
CS 1: No-prior Spring - On Campus | 16 (p <0.01) 61%
CS 1: No-prior Spring - Online 40 (p <0.01) 81%
( )
( )

CS 1: Prior Spring - On Campus 7 (p <0.01 74%
CS 1: Prior Spring - Online 8 (p <0.01 91%

Figure 5 shows no noticeable gender differences for CS1 stu-
dents. Figure 6 shows the differences for students from underrep-
resented backgrounds. Black students took the most advantage of
the re-submission attempts increasing scores by 29 points and 72%
increasing a letter grade or more. An ANOVA test showed p = 0.02,
significant at p < 0.05.

Table 6 shows the formative average against the summative
average, grouped by the final letter grade. The alignment between
the two score categories is noticeable with both A and B students
earning A and Bs on both formative and summative categories.

4.3 Ungraded Assignment Comparison

CS1 students were encouraged to do the interactive readings before
lecture, which would often start with a question from the readings.
The module layout displayed readings as a task to do even though
the reading category did not count towards the final grade.
Figure 7 shows the Fall 2021 reading score at the due date, and
the final reading score when the course was completed. Figure 8
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Figure 6: CS1 grade change
grouped by race.

Figure 5: CS1 grade change
grouped by gender.

Table 6: CS 1: Formative and Summative Grade Averages

Final Grade | Formative | Summative
Group Average Average

A 97% 95%

B 86% 82%

C 79% 69%

D 67% 54%

F 39% 14%

shows the Spring 2022 comparison. For both semesters, we see that
anyone who earned an A, B, or C in the class would go back to the
reading until they earned a 4 of 4 points on it, even though students
were aware the points didn’t count towards their grade.
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Figure 7: Fall: Reading grade score changes.
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Figure 8: Spring: Reading grade score changes.

4.4 CS2 Performance

CS2: Data Structures follows a traditional grading system with strict
due dates and late penalties. The one exception is weekly quizzes
that can be redone without penalty for studying. The students who
took CS1 in Fall 21 who learned using the formative / summative
grading scheme, took CS2 in Spring 22 with students who had
other entry points, such as CS1 with traditional grading schemes,
community college, or the AP CS exam.
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Looking at the final grade, 94% of those who took CS1 using
the formative / summative grading scheme passed with a C or
higher while only 71% of the other students passed with a C or
higher. A 70-75% C or higher rate aligns with historical institutional
averages. Figure 9 shows the comparison across grades. Comparing
the overall grade counts using chi-squares a result of p = 0.0001
indicates significance at p < 0.05.
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Figure 9: CS2 grade comparison based on CS1 version.

5 THREATS TO VALIDITY

The underlying philosophy of our grading system was to allow for
flexibility, which meant student procrastination could occur. An
internal threat to validity is the potential that students are able to
complete their work in spite of procrastination with the appearance
of student growth. This issue will be investigated in further research.
However, the fact that students continued to perform better than
their counterparts in the following class with more traditional
grading systems leads us to believe that their overall study habits
were not hurt, but rather, improved.

6 DISCUSSION

Our experience with building a grading scheme supportive of our
pedagogy using the tools we have become accustomed to was a
rewarding experience.

Q1. Do students catch up? Or do they at least use the flexibility in
both submissions and late windows to increase their grade after the
traditional due dates? Yes. Students increased their grade from the
initial due date to the subsequent grade. Resubmission attempts
were especially prevalent for knowledge checks throughout the
semester, wherein 20 submission attempts were common. More
surprising, most students went back and worked on the reading
assignments although they didn’t count for a grade.

Online students used the flexibility the most. It appears this grad-

ing system is particularly well-suited for online environments, as
many online students have full-time jobs requiring greater flexibil-
ity. Overall, allowing late submissions without penalty didn’t hurt
students, and naturally supports student needs.
Q2. Do students from underrepresented populations utilize the retake
attempts and catch up opportunities differently? Mixed. We found
that gender did not have an influence on retakes and grade increases;
and while there was a difference in racial demographics, especially
for Black and Asian students, the results were not conclusive.
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03. Do students continue to perform when these supports are removed
such as in their later CS2 course that uses a traditional grading system?
Yes. Our goal was to ensure that the new grading system didn’t
hurt performance in later courses that may use traditional systems.
However, the CS2 results were astounding with 94% of the students
passing a course that usually has around a 75-80% C or above pass
rate. Students are retaining more information and learning how to
work until mastery while still meeting strict due dates in CS2.

We found the 60/40 split in CS1 for assignments to be better
than the 70/30 split in CS0. Ensuring every assignment was on a
0-4 scale with a growth focused rubric was extremely helpful as it
encouraged students to view assignments as ways to master topics.

The system allowed instructors to focus more on teaching than
point bartering. If a student asked for extra time or credit, they were
told it was already built into the grading system. At our university,
accommodations are often extra time on assignments, and the sys-
tem met most accommodations without individual modifications. It
also allowed instructors to explain the growth mindset in relation
to the grading system, how the formative assignments were to learn
the content, and the summative assignments were their chance to
demonstrate what they learned.

7 CONCLUSION

The goal was to create a flexible grading system that supports a
growth mindset and allows diverse students with different back-
grounds and needs to learn the material then accurately demon-
strate what they know. Furthermore, this grading system had to
work within the tools we already used such as autograders, inter-
active text books, and canvas style quizzes.

Students used the flexibility and resubmitted most assignments
to increase their grade. Across CS0 and CS1, online and on-campus
spanning two semesters, we found that 65% of the students in-
creased their grades from initial submission to final score with
a median of 17 points. Furthermore, we found CS1 had a better
balance between formative and summative grading with nearly
identical mapping between formative grades and summative grades
by the end of the semester. We also found students who earned
C or higher grades would often go back and complete ungraded
assignments in order to better learn and understand the material.

Even more, we found that 94% of the students who learned using
the formative/summative grading system in CS1 passed CS2 with a
C or above, as compared to 71% for those who had traditional grad-
ing systems in CS1. As CS2 used a very traditional grading system,
this illustrates that the Formative/Summative grading system does
not hurt their study habits for future courses, and arguably, may
improve their overall ability in future courses.

While this case study still leaves a number of questions, we hope
to answer them by exploring this system with improved monitoring
of student habits, applying it in later courses, and moving more
assignments to the ungraded category while still achieving the
desired student performance.
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