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ABSTRACT 
The call for alternative grading practices has been made both in-
side and outside the computing education community. Various 
practices exist to provide assessment and feedback to students 
that do not rely strictly on points out of one hundred percent, 
weighted averages, high stakes assignments, and grading for be-
haviors instead of learning. However, modern classrooms, espe-
cially computer science classrooms, rely on a myriad of digital 
tools to organize and maintain the course structure. Tools like 
learning management systems, automatic grading systems, sub-
mission systems, and practice systems all exist for computing stu-
dents and faculty to use to help support the learning of program-
ming concepts. By and large, these systems all rely on an under-
lying mechanism of points and aggregating points for scoring. In 
the face of such technological choices, adopting alternative grad-
ing practices can prove challenging for instructors and confusing 
for students. In this position paper, we advocate addressing key 
research problems to make these systems easier to use with alter-
native grading practices. These include comprehensive support 
for categorical grading, comprehensive support for rework and re-
submission, and improved protocols for communication of scores 
and feedback. We propose an extension to LTI to support the 
needs of alternative grading practices, and we provide an initial 
design for this LTI extension. We discuss current problems and 
potential solutions and challenge the community to work on these 
problems and consider the design of future systems to embrace 
grading approaches that go beyond just points-based scoring. 
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1 Introduction 
There has been a growing call for faculty in computing to 
adopt alternative grading practices [17, 55]. Alternative 
grading prac-tices have been shown to enhance student learning 
and provide a better classroom experience. Decker et al. (2024) 
argue for the wider adoption and use of such practices at all 
levels of computing classrooms and have begun work on 
creating a community of practice around adopting such 
practices [11].  

However, lurking under the surface, there exist critical 
tech-nology barriers that may be hindering adoption by computing fac-
ulty, as well as faculty from other disciplines. Traditional 
points-based grading practices are so ingrained in current 
educational practice that teaching tools take this approach 
for granted. 
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Everything, including learning management systems, gradebooks, 
online practice tools, and automated grading tools, are built to fa-
cilitate the traditional approach. In many cases, tools do not even 
allow the option of exploring alternative grading approaches. In-
deed, the most widely used interoperability protocol for learning 
tools (LTI, discussed in Section 4.3) is predicated on this assump-
tion, forcing learning tools to communicate grades on each activ-
ity as single numeric percentage score. Worse still, this limitation 
of existing educational tools presents a significant barrier to any 
educator who wishes to use or experiment with more innovative 
grading practices. These limitations are built into a wide range of 
learning tools, including general purpose tools such as Piazza [52], 
Gradescope [19], and Top Hat [58], and textbook supplementary 
tools from publishers such as Pearson [48], Wiley [62], and 
McGraw-Hill [42], and STEM-oriented learning tools such as Lab-
Flow [29], Labster [30], and WeBWorK [61].  

Particularly in STEM fields with large enrollments such as 
computer science, educational tools are increasingly necessary to 
help educators cope with increasing class sizes and enable faster, 
more actionable feedback on student work. Because of this, solv-
ing the technological barriers to innovative grading practices is 
critical to the adoption of these practices by larger cohorts of fac-
ulty. To this end, we identify the three most significant needs for 
enabling progress in and adoption of alternative grading practices: 

1. Comprehensive support for categorical grading at the level 
of individual learning objectives, the level of assignments,
and the level of cumulative course grading.

2. Comprehensive support, beyond simple late policies, for
the rework and resubmission of deliverables where the
student wishes to demonstrate improved mastery.

3. Improved protocols for communication among educa-
tional tools (such as e-textbooks, LMSs, auto-graders, and
more) that support tracking of individual learning objec-
tives to support categorical grading schemes and objec-
tive-directed feedback for students.

These critical needs are described here with two goals in mind. 
First, identifying these technical obstacles to broader adoption of 
alternative grading practices serves as a call for computing educa-
tion researchers to come up with practical solutions. Second, rais-
ing awareness among tool builders within our community will aid 
them in avoiding reproducing these issues in new tools they pro-
duce.  

2 Grades and Grading Practices 
In this section, we introduce some main tenets of alternative grad-
ing practices and present some arguments for adoption of these 
techniques. Numerous authors have pointed out the problems 
with traditional grading mechanisms including achievement dis-
tortion [46], extrinsic rather than intrinsic motivation [12, 17], the 
problems with percentage grading and grading scales [16, 17, 21, 
22, 45, 46, 53, 54], and other practices labeled toxic [55].  We will 
not attempt to reargue their points here. Instead, we will present 
our premises for what grades should represent and how we can 
use some of these proposed techniques to achieve that.  

If you ask several people what a particular grade, albeit course 
grade, assignment grade, or even score on a particular question, 
means you will likely get several answers. Grades are rankings. 
Grades represent knowledge. Grades rate a demonstration of 
skills. Grades represent adherence to behaviors. Grades represent 
a mixture of these things. When you ask folks how they arrive at 
final course grades, the answers are just as varied, but it is likely 
the case that course grades are a mixture of demonstrations of 
knowledge and skill along with rating of behaviors and sometimes 
attitudes. Often, they are also ranking, with rigid ideas of how 
many A’s can be awarded and where cutoffs should be placed to 
ensure that not too many people are allowed into exclusive 
groups. Grades can gatekeep. 

For the purposes of this paper and this argument, we are 
adopting the view that grades represent proficiency with skill. 
They do not reflect behaviors (enacted or not acted). They do not 
reflect rank. They do not reflect the speed at which someone 
learned a concept. There is no limit to how many skills one can 
demonstrate proficiency in. There is no limit to how many stu-
dents can demonstrate proficiency at the highest level in that skill. 
With that framing in mind, we look at problems with current 
grading systems and practices.  

2.1 Common Grading Practices 
 It is a common practice for faculty to assign penalties for late 
work, zeros for missed assignments, and average scores together 
at the end of the term to arrive at final grades. Assigning penalties 
for late work dilutes the value of the grade because the grade is 
not just assessing achievement; it is also assessing behavior. A stu-
dent who submits a perfect assignment late is demonstrating pro-
ficiency, but for whatever reason, was not able to submit the as-
signment by the deadline. A penalty for that in the scoring creates 
a score that does not reflect proficiency in the skills demonstrated 
by the assignment, but an ability to behave in a certain way.  

When you take such scores earned across the semester and av-
erage them, that overall grade reflects not just a proficiency of 
skills, but also a demonstration of various behaviors [46]. For com-
puter science, this can include turning work in on time (and time 
management in general), correctly using the necessary submis-
sion tools, putting files in correct folders, including any required 
supplementary statements or output snapshots, and more—even 
though these may not relate to any specific learning goals. Fur-
ther, averaging scores across a semester to compute final grades 
gives equal weight to early evidence of learning as it does for 
learning late in the term [55]. If the goal is learning (or proficiency 
of skill), then the speed at which it happens should not impact a 
student’s grade.  

We have also adopted the practice in many computer science 
classrooms of using arbitrary weighting schemes for different 
types of assignments. For example, assignments done outside of 
the classroom might not be done independently and thus be 
weighted lower than in-class work. Assignments done in the 
classroom (e.g., exams) may be viewed as more authentic. Thus, 
the final weight given to different categories of assignments (e.g., 
lab, homework, programming, exams) is determined not because 
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of any learning objective measure but because of faculty 
trust/mistrust of our own instruments accurately reflecting our 
learning outcomes. 

In addition to averaging final grades, we lose information 
about learning when points are aggregated in an individual as-
signment. Whenever a student earns full or partial credit for a 
particular question or subsection, we can consider that infor-
mation about how much students understand the associated 
learning objective. However, once we take all those points and 
aggregate to an assignment grade, we have lost information about 
which areas students are struggling to learn and therefore are un-
able to appropriately address knowledge acquisition deficits. We 
are then unable to provide appropriate educational support and 
scaffolds for students struggling with particular concepts. It is the 
case that at some point all our scores need to aggregate to a final 
grade in a course, but where and when this aggregation occurs 
has a significant impact on the information that both the faculty 
and the students can act upon to enhance their learning.  

2.2 Alternative Grading Scales 
Various authors advocate for a reduced grading scale [16, 21, 54]. 
Feldman [17] points out that a 0-100 scale, with 0-59 being failure, 
tilts the scale towards failure. Furthermore, if multiple grades are 
averaged to gain a final score, a 0 in an assignment has an over-
weighted punitive effect on the student’s score. Nilson [45] sug-
gests a pass/fail (Satisfactory/Unsatisfactory) grading scale with 
opportunities for students to resubmit work with a failing grade, 
thereby providing additional opportunities for practice. Ra-
paport’s triage grading [53] recommends a three-valued scale: full 
credit if substantially correct; minimal credit if substantially in-
correct; emerging credit if the item is neither of the above.  

Regardless of the exact implementation, each of these methods 
advocates for re-focusing the score a student receives into larger 
buckets that better correspond to their level of understanding of a 
topic, as opposed to trying to work the system for a few more 
points on an assignment graded on a 0-100 scale. That is, as op-
posed to students playing the partial credit game, whereby their 
goal is to maximize points without changing effort (e.g., bargain-
ing to get more points in an assignment) [45], smaller grading 
scales re-focuses student efforts on demonstration of knowledge 
to earn the score. 

2.3 Resubmission to Demonstrate New Profi-
ciency 

The opportunity for students to resubmit work that does not suf-
ficiently demonstrate comprehension or understanding of a con-
cept within a grading system is key to furthering an emphasis on 
learning. Resubmission of an assignment lowers the stakes of the 
assignment, provides students with additional opportunities to 
practice and complete the assignment, and more closely matches 
the learning outcomes of the assignment or course [45]. The ap-
proach of pass/fail and multiple submissions encourages high 
standards and low stakes, an approach that Bowen [6] argues is 
best for student’s learning.  

2.4 CS Education 
In the last few years, the CS Education community has begun to 
acknowledge some of the grading problems presented by Feldman 
[17] and others. In the SIGCSE TS 2020 panel “To Grade or Not To
Grade” [64], the panelists acknowledged that they "love to teach"
but "hate to grade." The reasons presented in the panel discussion
resonate with some of the literature in education; "punitive
measures" such as assigning a low grade to a student for behav-
ioral reasons (e.g., misunderstanding the assignment) are not re-
warding for teachers. Berns and East [2] discussed the idea of us-
ing equitable grading to design a computer science course. The
ideas of equitable grading [17] are used to design both the assess-
ment and the instruction for a given course. Success has been re-
ported along several student metrics including improving student
motivation, increasing assessment accuracy, and a decrease in
concerns of plagiarism [2].

Specifications grading, which is a specific implementation of 
the mastery grading approach, is not completely new to the CS 
Education community. Posters [31] and several workshops [34, 35, 
36, 37, 38] have been presented at the SIGCSE Technical Sympo-
sium on Computer Science Education on this topic for the last five 
years. There were also Birds of a Feather sessions devoted to al-
ternative grading practices in the last three conference iterations 
[32, 33, 49]. In 2024, one of the Best Papers for the entire sympo-
sium was dedicated to the issues of alternative grading practices 
[11]. 

It is also important to note that the CC2020 curriculum over-
view report [1] extols the virtues of competency-based grading for 
computer science courses, which has many of the same qualities 
as described for specifications grading [45] and triage grading 
[53]. The community is interested in these topics and in support-
ing their students using these practices. 

3 Educational Technology and Tools for Com-
puting Classrooms 

If faculty have decided to adopt alternative grading practices for 
their classroom, they must now implement that for their students. 
A key component of the modern higher education classroom is 
educational technology and integrated learning tools. This is 
where faculty often come up against problems with implementing 
various policies of reduced grading scales and resubmission of 
work. There are a number of tools in use that all share these limi-
tations: general purpose tools such as Piazza [52], Gradescope 
[19], Top Hat [58], Perusall [50], Hypothesis [24], InQuizitive [26], 
and TurnItIn [59]; textbook publisher tools such as Pearson 
MyLab and Mastering [48], WileyPLUS [62], Cengage Learning 
[8], Macmillan Achieve [41], McGraw-Hill ALEKS [42], and 
Zybooks [65]; and STEM-oriented learning tools such as LabFlow 
[29], Labster [30], WeBWorK [61], and WirisQuizzes [63]. 

One of the most common types of technology in education is 
the learning management system (LMS), used in most modern 
classrooms in some way to manage student access to course con-
tent and grades. Canvas [7], Moodle [44], and Blackboard [3] are 
common examples. The adoption of LMSs by K-20 institutions has 
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grown quickly since the first LMS was introduced 30 years ago 
[20]. The move to remote learning driven by the COVID-19 pan-
demic has only accelerated this growth [51]. Indeed, LMSs are 
now essentially ubiquitous, and considered essential tools for de-
livering courses in higher education [40]. LMSs are often the only 
“approved” way to disseminate grades to students, so the way that 
LMSs handle scoring has an immediate and direct impact on stu-
dent learning. 

An additional type of educational technology that has become 
very popular are electronic textbooks, e-textbooks, or e-books. 
Some instructors have developed their own [57], while others 
have adopted versions of popular paper textbooks that are now 
widely available from textbook publishers. These e-books offer 
both an authoring platform, as well as additional features includ-
ing inline quizzes, interactive demonstrations of the book content, 
programming exercises, and LMS integration. 

3.1 Educational Tools Specific to Computing Ed-
ucation 

CS educators often use automated grading systems [18, 23, 24, 28] 
and small exercise practice systems in their classrooms, often to 
cope with soaring student enrollments [47]. Programming exer-
cises, a common assignment in computing courses, are very ame-
nable to using automation for assessment. Autograders can be tai-
lored to specific languages, or can be more generalizable, handling 
programs in many different languages. Even with this flexibility, 
there is still a limitation when it comes to grades: only point-based 
grading is typically supported. Indeed, in a recent review of 
widely used autograding systems [4], none supported anything 
other than a points-based approach. There are both open-source 
solutions, such as Web-CAT [14, 60], and INGInious [25], and 
commercial solutions, including Gradescope [19] and CodeGrade 
[9], that are commonly used in classrooms.  

Similarly, classrooms are starting to see increased usage of 
homework practice systems for small coding exercises. Code-
Workout [10, 15] is a stand-alone practice system, providing sup-
port for drill-and-practice questions in Java, Python, and C++. 
Several online textbooks marketed towards computer science 
classrooms combine features of the traditional e-book and these 
submission and practice systems. Zybooks [65] and Runestone 
[56] both provide the ability for students to practice the topics of
a particular chapter by writing code within the online environ-
ment. Such systems can be used to provide syntax practice exer-
cises [13, 39] as well as homework on basic programming skills.
Such systems typically provide results using numeric scores on a
0-100 scale.

4 Supporting Alternative Grading Practices 
Based upon our classroom experiences and those described in the 
computer science education literature, there is one resounding 
pain point for instructors seeking to adopt alternative grading 
practices, namely the lack of support for these practices in current 
classroom tools.  

Here, we describe the three most significant areas where tool 

support can be improved: comprehensive support for categorical 
grading at all levels, comprehensive support for rework and re-
submission of assignments or assessments, and improved proto-
cols that support finer grained assessment and feedback. 

4.1 Supporting Categorical Grading Schemes 
To foster adoption of alternative grading practices, it is essential 
for learning management systems (LMSs) to fully support cate-
gorical grading scales, not only for each assignment but also at the 
level of individual learning objectives. Current LMSs fall short. 
While some LMSs allow some forms of specifications grading, 
their implementation is often limited. They might support specifi-
cations grading for specific assignment types but not others and 
often fail to support tracking learning objectives or specifications 
across individual questions or tasks within a single assignment, 
quiz, or exam.  

LMSs also act as the central hub of an ecosystem of third-party 
learning tools that support a wide variety of learning activities. 
However, there is no support for categorical grading or for track-
ing individual learning objectives through such external tools, ei-
ther. When assessments are broken down by learning objectives, 
instructors (and learning tools) can provide more targeted feed-
back. This helps students understand their strengths and areas for 
improvement on a more granular level, rather than seeing a single 
score that may not reflect specific skills or knowledge areas. 

Similarly, meaningfully aggregating measures of individual 
learning objectives across multiple assignments is the cornerstone 
of mastery-based approaches. Such strategies are necessary to 
provide a comprehensive view of student progress, to encourage 
deeper learning, and to offer targeted feedback that highlights spe-
cific strengths and areas for improvement. This shift away from 
aggregating points will help educators and students focus on 
meaningful learning, ultimately fostering a more effective educa-
tional experience. By focusing on the mastery of individual learn-
ing objectives, educators can better support student growth and 
development, ensuring that students truly understand and can ap-
ply what they have learned. 

To truly support alternative grading practices, LMSs must offer 
comprehensive support for categorical grading scales and adopt 
new methods for combining these grades into overall course eval-
uations. 

4.2 Supporting Rework and Resubmission 
Alternative grading practices frequently include support for re-
working, retrying, and resubmitting assignments—key features 
for mastery-based learning. These options let students learn from 
mistakes, deepen understanding, and show improved mastery. Re-
submissions also enable more personalized feedback, build resili-
ence, and encourage a growth mindset. In contrast, most LMSs 
and learning tools offer limited support for resubmitting graded 
work, usually just allowing multiple submissions or deadline ex-
tensions. For quizzes or exams, students may receive grades and 
feedback before additional attempts, but for other assignments, 
the LMS simply collects submissions, with grading and feedback 
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depending on human graders. 
Online autograders and practice systems provide rapid feed-

back and allow students to make multiple submissions before an 
assignment deadline so that students can improve. However, feed-
back is often a numeric score or a report of errors, focused on re-
porting of results rather than mastery of learning objectives. To 
fully embrace alternative grading practices, LMSs and learning 
tools must evolve to support these iterative processes, ensuring a 
more effective and educational experience where students can 
continually improve. 

4.3 Improving Protocol Support 
As introduced in Section 2, a key limitation within the LMS and 
learning tool ecosystem is the Learning Tools Interoperability 
(LTI) protocol typically used to communicate between learning 
tools and an LMS. The LTI specification reduces scores on an as-
signment or activity to a single numeric percentage. This signifi-
cantly contributes to the lack of support for alternative grading 
schemes in learning tools that interact with LMSs through this 
protocol. It is crucial to address this mismatch to provide better 
support for using such learning tools with alternative grading 
practices. 

Also discussed in Section 4.1, comprehensive support for cate-
gorical grading scales at the level of individual learning objectives 
within an assignment, rather than relying on one assignment-
level score, is also critical. While learning tools offer differing lev-
els of support for recording such information, the limitations of 
the LTI protocol cut off the communication of such information 
back to the LMS, posing serious challenges for how student per-
formance at the level of individual learning objectives can be ag-
gregated or communicated. While we focus on the LTI protocol in 
this paper, other common EdTech protocols also demonstrate sim-
ilar limitations. Addressing these shortcomings is a critical need. 

5 Bridging the Gap from Current Tools: A Path 
Forward 

Addressing the technological challenges described in Section 4 so 
that solutions are available is critical to enable greater adoption of 
alternative grading strategies. Without such solutions, the educa-
tional technology we rely on serves as a potent obstacle. There-
fore, we need to create technological solutions for learning man-
agement systems and the external learning tools that work with 
them to support alternative grading practices, including auto-
mated graders, online practice systems, and electronic textbooks. 

5.1 Mapping Learning Tool Results onto Alter-
native Grading Practices 

As described earlier, learning management systems (LMS) have 
become the central hub for instructors to disseminate course ma-
terials, and for students to interact with those resources. As such, 
LMS developers have developed integration methods that can be 
used to extend the basic functionality provided by a vendor's tool. 
One of the most widely adopted standards for extended LMSs is 
the Learning Tools Interoperability (LTI) specification. This 

standard, developed by a consortium of industry and university 
organizations, specifies how an LMS and an LTI-compliant exter-
nal system can securely exchange information, including class 
rosters and student grades.  

However, a significant limitation of the LTI specification is 
that LTI-based grade exchanges happen using a points-based 
scheme. Specifically, scores in LTI grade exchanges are repre-
sented as floating point values between 0.0-1.0, although the most 
recent version of LTI allows additional comments or feedback to 
be passed alongside the scores. To support alternative grading 
practices across LTI-based learning tools, we must provide a clear 
way for instructors to describe how they wish to use this interface 
specification within the context of their own alternative grading 
approach. 

For example, a simple approach to begin with is to have an 
instructor identify the number of levels in their grading scheme 
and then specify numeric subranges for each grading level. For 
example, an instructor could use a 4-valued scale like that pro-
posed by Rapaport [53]. Raw points coming from an LTI tool can 
be divided into 4 separate score ranges to identify the correspond-
ing level on the 4-valued scale, which can then be represented as 
0, 1, 2, or 3 when being sent to the LMS. Additionally, the label 
corresponding to the earned level on the scale can be specified. 
The proxy would convert points to the fixed value based on the 
identified point ranges or cutoffs: 

• 90 to 100 points (>= 0.9) map to a scaled score of 3, labeled 
“Full credit” or “Excellent”

• 70 to 89 points (>= 0.7 and < 0.9) map to a scaled score of
2, labeled “Emerging credit” or “Meets Expectations”

• 5 to 69 points (>= 0.05 and < 0.7) map to a scaled score of
1, labeled “Minimal credit” or “Needs Revision”

• 0 to 4 points (< 0.05) map to a scaled score of 0, labeled
“Zero credit” or “Not Assessable”

This mapping could be represented as structured data in JSON, 
YAML, or another convenient format (here shown in YAML Flow 
format for brevity): 

[{ level: "Not Assessable",  score_required: "0%" }, 
 { level: "Minimal Credit",  score_required: "5%" }, 
 { level: "Emerging Credit", score_required: "70%" }, 
 { level: "Full Credit",     score_required: "90%" }] 
For tools that provide richer results beyond simply a numeric 

score, specific exercises, questions, or features that map to learn-
ing objectives identified by the instructor may be required by the 
instructor to meet certain levels. For example, an instructor may 
wish to require students to successfully answer questions 1-5 on 
a quiz to receive full credit, in addition to earning a minimum 
score overall: 

[{ level: "Not Assessable",  score_required: "0%" }, 
 { level: "Minimal Credit",  score_required: "5%" }, 
 { level: "Emerging Credit", score_required: "70%" }, 
 { level: "Full Credit",     score_required: "90%", 
 required: ["Q1", "Q2", "Q3", "Q4", "Q5"] }] 

For tools that provide for naming or tagging of specific exercises 
or features, this approach can be expanded to allow the use of reg-
ular expression patterns or other mechanisms. 
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5.2 Handling Rework and Resubmission 
Resubmission of work to show improved mastery is a core aspect 
of many alternative grading practices. While many educational 
tools (and LMSs) support a basic model of allowing late submis-
sions with or without a grade penalty, few go beyond that. Edu-
cators using alternative grading practices instead have to employ 
their own manual strategies for how to allow students to resubmit 
work. Nilson [45], for example, suggests giving students several 
“resubmission tokens” that they can use to resubmit work that re-
ceived a low grade, and other similar approaches have been de-
scribed in the literature. 

In working towards a solution, it is possible to develop a sim-
ple LTI-based tool that allows instructors to set up a predefined 
number of resubmission tokens for students, allows students to 
“cash in” a token to resubmit a particular assignment, and then 
uses a tool-specific API (such as the Canvas API) to add an indi-
vidual extension for that student to resubmit work. Dashboards or 
automatic notifications for course staff when work has been re-
submitted and needs regrading are also possible. By leveraging 
existing facilities within autograders or practice systems to allow 
multiple submissions and set individual student extensions, it is 
possible to extend that support to cover resubmission or work at 
a later date in a natural way so that manual processes are largely 
eliminated, facilitating smoother adoption. 

5.3 Improving Protocol Support 
While the LTI protocol has improved interoperability among ed-
ucational tools, at its core it forces grades to be represented as 
single numeric scores. Fortunately, there are other protocols for 
interoperability, and LTI itself has numerous custom extensions 
that have been implemented by different LMSs. Such extensions 
allow external tools to provide feedback in richer forms alongside 
numeric scores, whether through supplementary textual content, 
or URLs used to present tool-generated feedback in a more sophis-
ticated way. 

In the future, educational researchers can work on new gener-
ations of protocols that address a wider variety of grading strate-
gies. In the meantime, a proxy service that sits between and me-
diates communication between LTI tools and LMSs can provide a 
powerful capability for actively improving support for alternative 
grading practices. Such a proxy service would be a drop-in method 
for implementing the score mapping strategy described in Section 
5.1 for handling reduced grading scales. Further, if instructor-pro-
vided score mapping schemes include specifications of individual 
learning objectives identified by the instructor, such a proxy ser-
vice could provide feedback structured around learning objectives 
demonstrated or needing improvement, piggybacking on LMS-
specific extensions to pass on this feedback where practical. Such 
a service is a useful intermediate goal while the community grap-
ples with the longer-term evolution of the interoperability proto-
cols on which our tools rely.  

6 Conclusion 
While many faculty want to adopt alternative grading practices in 
their classrooms, there are still several technological barriers to 
adoption that need to be addressed. Here, we have identified the 
three most pressing needs for enabling progress in and adoption 
of alternative grading practices: comprehensive support for cate-
gorical grading, comprehensive support for rework and resubmis-
sion, and improved protocols for communication of scores and 
feedback. 

We need researchers to address these obstacles to alternative 
grading practices, and we also need members of our own commu-
nity developing tools to be aware of the issues and how to avoid 
them. This includes clear strategies for supporting categorical 
grading at the level of individual learning objectives as well as for 
whole assignments, together with aggregation approaches that al-
low summarizing student performance on learning objectives as 
well as formulating meaningful course-level grades. We also need 
more comprehensive approaches to supporting the full range of 
resubmission policies that instructors advocate, going beyond 
simple late policies. To facilitate interoperability among the vari-
ous learning tools in our classrooms, we need improved protocols 
that allow communication of more comprehensive assessment re-
sults at the level of individual learning objectives, rather than re-
ducing all assignment grades to single numbers. 

Feedback at a more micro and formative level while the stu-
dents are engaged in the learning process but have not yet reached 
mastery can help them develop better awareness about what they 
know and don’t yet know. Alongside the tool support, we need 
research into the types of feedback that are useful during this pro-
cess, particularly when learning a skill like programming.  

If we can do this, faculty can elevate their teaching, and we 
begin to build towards a place where students are motivated by 
learning and not about chasing the points to get all 100 of them.   
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