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Abstract
We studied how instructors assess open-ended programming assign-
ments in university-level computer science courses in the Nether-
lands. Evaluating such assignments is labour-intensive, so our long-
term goal is to develop tool support for this assessment. Effective
tool support, however, requires understanding the existing prac-
tice. Through interviews with teachers and teaching assistants and
analysis of their rubrics and grading guidelines, we characterise
the topics and skills instructors assess, how they structure and use
grading criteria, and how they experience the assessment process.
Our findings provide an empirical basis for designing tool support
for evaluating open-ended assignments.
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• Social and professional topics → Student assessment; Com-
puter science education; Computer engineering education.
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1 Introduction
In open-ended programming assignments we ask students to work
in a problem space where multiple solutions are defensible. Rather
than just showing that they can produce a prescribed output, stu-
dents may need to make, justify and document design decisions,
integrate programming and software engineering practices, and
develop a substantial artefact. Such assignments can therefore pro-
vide evidence of learning that is difficult to obtain through short,
closed exercises or examinations. Larger programming tasks are,
for example, better suited to assessing structural design choices
[13].

The same openness that makes these assignments educationally
attractive also makes them challenging when we come to assess-
ment. Solutionswill differ in functionality, architecture, and process,
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and assessors cannot simply compare them to a single model so-
lution. They must determine which aspects of the work constitute
relevant evidence, articulate standards that apply to all solutions,
and exercise judgement when predefined criteria do not fit. In larger
courses, these judgements may be distributed across multiple teach-
ers and teaching assistants, leading to additional concerns about
workload, consistency, transparency, and the defensibility of grades.
Previous work has shown both that assessing substantial computing
projects requires considerable staff effort [12, 24] and that human
graders may apply programming-assessment criteria inconsistently
even when using a rubric [20].

We investigate why instructors use open-ended assignments
(RQ1); what they assess and what evidence they use (RQ2); how
assessment guidelines are structured (RQ3) and used (RQ4); and
how instructors experience the assessment process (RQ5). To an-
swer these questions, we interviewed teachers and head teach-
ing assistants responsible for 12 programming and software engi-
neering courses at seven Dutch research universities and analysed
the rubrics and assessment guidelines used in those courses. The
courses cover different stages of the computer science curriculum
and different forms of open-endedness, ranging from assignments
with prescribed functionality but freedom in implementation to
projects in which students define their own product or work for an
external client.

This paper makes three contributions. First, it provides an empiri-
cal characterisation of what is assessed in open-ended programming
assignments. Second, it characterises the different forms that as-
sessment guidelines take and how they support grading, feedback,
assessor coordination, and communication with students. Third, it
identifies recurring tensions in these practices, such as consistency
versus professional judgement, transparency versus checklist be-
haviour, and comprehensive criteria versus manageable assessment,
that provide requirements for future assessment research and tool
development.

The remainder of the paper reviews relevant work and defines
the terminology used in this study (Section 2), describes the study
methodology (Section 3), presents our findings (Sections 4–5), and
discusses their implications, limitations and directions for future
work (Section 6).

2 Background
Assessment is a complex topic, with many different aspects to
consider [15]. In this section, we give a short introduction on the
topic, with a focus on assessment strategies, grading guidelines
and rubrics, and open-ended assignments, particularly as applied
in programming education.
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2.1 Assessment
In general, we can distinguish two types of assessment: formative
and summative. Formative assessment, also called assessment for
learning [33], is about getting feedback that supports learning [29].
Summative assessment, on the other hand, happens after learning, is
used to make decisions (for example whether a student has passed
a course) and typically involves giving grades [3]. In this study we
mainly considered assignments that have a summative purpose,
though many include formative aspects as well.

For summative assessment, grades can be determined in two
ways: norm-referenced, where students are ranked and receive
a grade based on their position in the ranking, and criterion-
referenced, where students are assessed against the intended learn-
ing outcome or criteria derived from those. In order to maintain
constructive alignment between intended learning outcomes, teach-
ing and learning activities, and assessment tasks, the latter model
is recommended [3]. In the Netherlands, this is the strategy that is
typically used for summative assessments.

In a criterion-referenced system, there are two main strategies
for setting criteria and determining grades. In a holistic assessment,
criteria describe the quality of a work as a whole, and an instructor
determines a single grade based on those descriptions. In an analytic
assessment, a work is assessed on different aspects, with criteria
given for each, and a grade is typically calculated as a weighted
average of subgrades given for each aspect [3]. In both cases, it is
helpful to clearly describe the standards students should aim for.
The final grade can also be determined holistically even with an
analytic rubric [32].

2.2 Rubrics
The term rubric is widely used in practice, but it does not seem
to have a clear meaning in that use, often referring to any type of
description or guideline used for grading or assessment [7]. In a
stricter definition, a rubric needs to include multiple criteria and
gradations of quality for each criterion, describing what is required
to fulfil that criterion at each level [11]. This is typically formatted
as a table with criteria in the first column and additional columns
for each level. Another popular definition additionally requires a
scoring strategy, which may be holistic or analytic [22]. In this
paper we will refer to a rubric according to the first definition, and
use assessment guidelines or grading guidelines as the more general
term.

Rubrics, in this stricter sense, are often recommended as a tool
for assessing complex assessment tasks [3], with more standardised,
objective and transparent assessments as the main benefits [6, 14].
Designing a good rubric can be challenging, though, with too vague
descriptions as a common fault [6]. Besides a grading tool, rubrics
are also a teaching tool, for example to facilitate feedback, whether
by an instructor, a peer, or the student themselves, at least if students
learn how to use the rubric [2, 23]. Although evidence that rubrics
improve self-regulation is mixed, clear learning goals, criteria and
level descriptions may support students’ learning, and rubrics are
a common way to achieve this [4].

2.3 Open-ended assignments
In programming education, both smaller exam-type questions and
larger programming tasks are commonly used for assessment and
can cover the typical intended learning outcomes of an introduc-
tory programming course. However, larger programming tasks are
known to be more suitable to assess structural design choices [13].
There are suggestions that open-ended assignments might improve
students’ self-efficacy in programming [30] and that an approach
where students are encouraged to tinker has positive effects [19].

With open-ended we mean that there is no definite endpoint for
an assignment, no single model solution that is the correct solution.
This is also one of the defining features of an ill-defined problem or
domain [18]. A programming assignment can be ill-defined because
it, for example, requires students to make design choices for a
complex problem, resulting in many different good solutions, or
because the assignment leaves it up to the students what they are
going to make or which problem they will try to solve [27].

Open-endedness is a feature seen in different forms of learning
based in the constructivist tradition, like in project-based learning,
where the open-ended problem is its driving question [17].

2.4 Assessment in programming education
When it comes to assessment in programming education, there is a
large body of work on automated assessment [16], but assessment
practices in general get less attention in the literature. Messer et al.
[20] studied the consistency of graders in grading an open-ended
programming assignment, among other reasons also aiming to find
a stable base for the evaluation of automated assessment tools. They
had graders follow a rubric covering correctness, code elegance,
readability and documentation, but found that consistency of the
assessments was very poor. Brown et al. [5] investigated the use of
comparative grading as an alternative to the traditional rubric-based
approach on the readability aspect and found no strong correlation
between the results from that approach and the traditional grading,
concluding that grading readability is very difficult.

Fitzgerald et al. [10] let four instructors grade 20 student so-
lutions to a programming problem, without prior discussion of
grading criteria or rubrics, to examine how instructors approach
this grading. They found that two of the instructors created a set of
criteria and used an analytic approach to come to a grade, while the
other two primarily aimed to assess whether the student was compe-
tent enough at programming to move to the next class, performing
a more holistic assessment towards that question. Statistically the
four graders were consistent, though in some cases the different
approaches led to very different outcomes for a single program.

Riese and Bälter [24] interviewed instructors of non-CS CS1
courses about their perspectives on assessment. All courses had a
similar assessment setup, with lab assignments, a mid-term exam
(in some cases open-book) and an individual final project, where
students can choose from a pool of project descriptions. The instruc-
tors considered the project to have both formative and summative
aspects, with teaching assistants having a big responsibility in giv-
ing feedback and guidance for the formative aspects and doing the
grading for the summative.
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Stegeman et al. [31] designed and evaluated a rubric on code
quality in programming courses, covering topics like names, com-
ments, formatting and indentation, and decomposition. In a rubric
for automatically assessing App Inventor projects, Alves et al. [1]
tend to focus more on the use of various constructs, like operators,
variables, lists, loops and conditionals. The lowest performance
level indicates that a construct was not used, while higher lev-
els describe more advanced uses of each construct, like a single
if-statement, an if-else-statement and multiple if-else statements.
Neutens et al. [21] interviewed teachers in secondary education
about the criteria they use for assessing code, categorising them
as function (including correctness and usability), readability, use
of constructs, algorithmic thinking, testing and debugging, math-
ematical concepts (boolean logic and arithmetic), creativity and
personal aspects (like behaviour in class). Functional correctness
was considered one of the most important aspects by most teachers
when asked to rank the various criteria. For some teachers the
primary focus was on the correct use of constructs, assessing if the
student understood how the constructs required for the exercise
work, rather than the correctness of the complete program.

Computer science capstone courses often involve programming
or software engineering practice, and thus show many similarities
with open-ended programming assignments. In these courses it is
common to also assess skills like teamwork and communication,
sometimes looking into version control history or using mentor
observations to inform the assessment [12]. However, capstone
projects exhibit enough traits exclusive to them to warrant a sep-
arate investigation. While we acknowledge the similarities, the
rest of the paper deliberately covers the broader category of open-
ended assignments, which includes, but is not limited to, capstone
projects.

3 Methodology
We contacted course coordinators listed in public repositories of
courses in computer science and closely related programmes for
all public research universities in the Netherlands. We selected
courses based on their topical relevance (programming or software
engineering) and read the course descriptions to understand the
assessment practices. We selected courses where projects or assign-
ments are a major part of the summative assessment practice. In
total, we contacted a teacher or coordinator for 31 courses, resulting
in 11 interviews with a teacher or head teaching assistant for the
course.1

In the interviews we covered 12 courses (in one interview two
courses were discussed) from 7 research universities in the Nether-
lands. All courses are primarily part of a CS programme, 11 at the
Bachelor level and 1 at the Master level. From the Bachelor-level
courses, we covered 6 first-year courses and 5 advanced courses.
One of the first-year courses is the first introduction to program-
ming in its programme; for the others some prior programming
experience is expected. Four courses have fewer than 50 students,
one course between 50 and 100, five courses between 100 and 200,
and two courses have more than 200 students.

1This study was approved by the Ethics Committee Computer and Information Science
of the University of Twente, application nr. 251783.

The courses teach a variety of programming languages: in four
courses students are free to choose the language they will use, but
where a language is prescribed, C#, Haskell, Java, JavaScript and
Python are each used in two courses, followed by Agda, C++, Er-
lang and Kotlin each used in one. Note that some courses cover
more than one language, so the total count adds up to more than
12. Looking at the course goals, seven courses aim to give stu-
dents broadened programming skills and five courses teach software
project engineering. One course covers programming paradigms, par-
ticularly object-oriented programming, functional programming and
distributed programming; among which object-oriented program-
ming and functional programming are also the specific topic for one
other course each. The topics software design, web and databases
are each covered in three courses and games and formal methods
are each covered in one course.

All courses we covered are open-ended, but in different ways:
some have strictly specified functional requirements, but give stu-
dents freedom to choose their implementation approach; others let
students work on their own ideas or on a project for an external
client. Even when requirements are specified, many courses offer
bonus points for extra functionality, either from a given set of op-
tions or fully up to the students. Some courses apply restrictions
other than functional requirements, such as certain technical re-
quirements, letting the students start with a given template or even
guiding them through incremental steps. We see this diversity as
a good coverage of the spectrum of open-ended assignments and
different types of courses.

For each course, we asked the teacher to share their rubric or
assessment guideline and assignment descriptions with us. We used
these in our qualitative analysis, outlined below, and also to get
an overview of the course, the assignment and the assessment in
preparation for the interview. Each interview was conducted by
the first author, who is a PhD student at a Dutch university with a
background in both university level and high school level computer
science education. All interviews took place between October 2025
and February 2026, online through Microsoft Teams, lasting around
45 minutes each. The interviews were recorded, which we used
to manually correct the automatic transcript created by Microsoft
Teams. After this step, the recordings were deleted and personally
identifiable information removed from the transcripts.

The interviewswere conducted in English or in Dutch, depending
on the preference of the interviewee. For the analysis, we kept
transcripts and provided documents in the original language, as
all participating researchers are proficient in both languages. All
quotes in this paper have been translated to English by the first
author, occasionally using the DeepL translation tool to find the
best English equivalent to expressions.

For analysis of the transcripts and assessment guidelines, we used
a two-step flexible coding process [9], which is particularly suited
for interviews in which different topics or aspects of a topic are
discussed. The interviewer created an index-coding in a coding tool
[25], marking the topic of each section of the interview transcripts,
closely related to the interview questions. For each topic, he then
went through the transcripts, filtered to only the sections related
to that topic, and analytically coded in two passes: in the first pass
creating new codes as aspects were identified in the data and in
the second pass combining codes that relate to general concepts
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and generally refining the coding. For the topics of assessment
guideline structure and content, we also coded the assessment
guidelines themselves, alongside the interview transcripts.

The codebooks were then shared with the other authors, who
both went through disjoint subsets of the transcripts, for 3 and 4
cases respectively, to apply these codes to the relevant sections,
also working topic-by-topic. We compared the resulting codings
and discussed all conflicting selections, which had different codes
applied by different coders, and lonely selections, which had a code
applied by only one of the coders. Based on this discussion, we
updated the description of a few codes and the main coder went
through the other transcripts once more to check that those codes
were applied correctly. In many cases, a lonely code was also applied
to a different selection in the same transcript by the other coder, so
this did not meaningfully change our results. The final codebooks,
along with the general interview guideline, are available in the
supplementary material [26].

In the following sections we will discuss the results of this analy-
sis, describing the different themeswe found in both the transcripts
and in the assessment guidelines, with supporting “quotes” from
an interview or assessment guideline, always attributed to its case
number. A full overview of which themes apply to which cases,
including all quotes referenced in this paper, is available in the
supplementary material [26]. We first discuss the question of using
open-ended assignments in Section 4, then describe the assessment
guidelines and their use in Section 5.

4 Why use open-ended assignments? (RQ1)
All courses in scope have open-ended assignments, albeit for a
different definition of open-endedness, as covered in the description
of the courses in Section 3. While we have given some general
reasons why instructors might choose open-ended assignments
in Section 2.3, in this section we further argue their relevance
through the reasons our respondents have given for choosing an
open-ended assignment in their course. One teacher answered they
do so “because I want to make my life difficult, sometimes, I feel”
(11), though there are several factors that might make it worth the
effort. Figure 1 gives an overview of the responses and how many
participants mentioned each aspect.

Seven teachers mentioned that they want to give their students
a realistic, practical experience: “the goal is [to] prepare them for
reality” (06) and “I think it also helps to keep it fresh, so to keep
including new technologies in [the course]” (04). This is related to the
idea that the assignment is not just for summative assessment, but
it should also be a learning experience: “I think it’s also very good
as a sort of learning experience, especially if you’re not yet working
in IT, to see that what you planned to get done, that turns out to be
a bit of a let-down in the end.” (04) One respondent described the
importance of letting students experience the struggles of project
management: “We give them two lectures on Scrum with the same
content. The first Scrum-lecture we tell them how it all works. The
second Scrum-lecture happens after the first sprint. And we give them
the exact same information again, just expressed differently. And I
often got the comment: ‘Why didn’t you tell us earlier?’ I did, but now
you know. So show, don’t tell. That is everything here.” (06)

0 1 2 3 4 5 6 7

easier checks

guidance

time intensive

no structure required
fits course context

legacy

convenient

design decisions
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flexibility for students
fun

show genuine learning
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2
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1
3

2
2

1

2
2
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5
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Figure 1: The number of respondents (out of 11) that men-
tioned each aspect of using open-ended assignments. The
four sections show perceived benefits of open-ended assign-
ments, other considerations, perceived downsides of open-
endedness and perceived benefits of structure, respectively.

Besides learning while working on the assignment, two respon-
dents mentioned that they believe an open-ended assignment can
show more genuine learning: “the more you make it critical
and open, the more you learn about genuinely […] what the student
learned.” (02) Respondent 07 argued that this is hard to achieve
with an exam: “on an exam of at most 3 hours […] you don’t have
the space to give them a larger assignment in which you can really
sense what they are capable of. […] I can test that they get the hang
of the technique, but not that they can apply it in a larger project, so
that’s why I think the project is very important.” (07)

Others mention that open-ended assignments are more fun:
“Students often look forward to it very much, when it’s an open-ended
assignment. It provides extra motivation.” (03) It also gives some
flexibility to students, for example to dive deeper into the parts
of the subject that interest them most: “[…] to allow the students to
grow in different directions. So it gives you this customizability, right?
Like a student maybe wants to learn more about, I don’t know, game
physics. […] Then you allow them to, with the bonuses, you allow
them to do a new concept, create it from scratch. And then you have
another student that just wants to do the typical power up, they don’t
care so much about this aspect. Then again they have the freedom.”
(02)

Respondents also mentioned that open-ended assignments can
be more resistant to fraud: “I could make a closed assignment, but
then a sort of standard will emerge. Or I need to revise the assignment
every year. Or a sort of best solution emerges. That seemed like a
dangerous situation to me. […] Then that solution is bound to get
passed around, of course, so that doesn’t seem ideal to me.” (04) With
the rise of generative AI, that has also become a concern: “What
I’m really afraid of with giving too much structure and templates,
especially nowadays, is that you just put it into ChatGPT and then
you say ‘do it’ and then the more you give the structure, the more it’s
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like accurate.” (02) Respondent 10 also mentioned seeing a shift in
recent years from closed homework assignments to a mix of exams
and more open-ended assignments.

In some cases an open-ended assignment matches the goals of
a course particularly well: “The openness of the assignment matches
the openness of the outcomes.” (11) In their case, one of the course
goals is that students learn to make design decisions: “They need
to make a decision. They need to own it, right? Like, I selected the
stack. You didn’t tell me to use the stack. I selected the stack. And
therefore, it’s also my fault. Also my triumph, right, if it works great.
If it doesn’t work, you know, I need to take into account what I could
do to improve the whole thing.” (11) For respondent 05 this is part
of giving a realistic assignment: “To show that there are different
design choices, there are alternatives. Then it’s a matter of weighting
and looking at the pros and cons of each design choice and then to
report it.” (05)

For one course, the instructor simply found it more convenient
to use an open-ended assignment to achieve the goals of the course:
“Of course you can also do that with something that’s not your own
idea, but then you often need a stakeholder to see what they think of
it. And now it’s more: ‘What do I think we need for this?”’ (03) Letting
students take ownership of these decisions made the course easier
to organise.

Finally, teachers also have practical reasons for working with
open-ended assignments. For some, it is part of the legacy of a
course they inherit: “this was the concept of the course from the
beginning,” (06) and “this was already the case when I followed the
course, some eight years ago.” (03) It can also be the case that an
open-ended assignment fits the course context, for example to
prepare students for a larger “software project where they work with
a group of 10 for a client. This way we have a line in the bachelor
where they first do our [smaller] project and then have a big project
at the end.” (03) One teacher also noted that there is no structure
required for their course: restricting students is not necessary to
assess their achieved learning outcomes.

4.1 Caveats and considerations
While there are many reasons an open-ended assignment could be
a good match for a course, that might not always be the case. The
one downside mentioned by our respondents is the time-intensive
nature of open-ended assignments, both for students and teachers:
“setting up the course doesn’t take much effort, but the supervision [of
students] simply takes a lot of time.” (04) Respondent 08 mentions
their assignments are a bit more structured, because “these are
assignments for which they don’t have a lot of time. In general these
are assignments they work on for a maximum of two weeks.” (08)

In some cases, teachers choose to provide structure for the stu-
dents, to some degree limiting the openness of the assignment.They
do this, for example, because students need, or at least benefit from,
receiving guidance.This is especially the case for junior students or
in cases where they have not yet acquired certain skills: “I think one
factor is that these are first-year students, and that’s why a slightly
more hand-holding approach was chosen,” (08) and “I feel like it’s a
good strategy for a first year course, first study period, because imag-
ine now if I did completely open, students would be completely lost,
right?” (02) A few teachers also mention that structure gives them

something to hook into for assessment, to have easier checks:
“That’s where it [openness] collides with having structure to check
things, right? To do unit testing or …” (02)

This shows that there is a trade-off between structure, which
may guide students to a more specific experience, and openness,
which allows for a richer and more realistic learning experience. In
the courses we cover we see teachers tending towards the open-
ended side of this balance, despite the major downside of the extra
time it may take. As much of this time is spent on assessment, both
formative and summative, this confirms our motivation to support
these processes with tooling, making them more practically viable.
In the next section, we will discuss the assessment practice of these
courses, to better understand the context in which such a tool
should work.

5 An overview of assessment guidelines
To get an overview of how instructors assess open-ended pro-
gramming assignments, we asked our respondents to share the
assessment guidelines for the courses they teach and in an inter-
view we asked them how their course is set up, how they use the
assessment guidelines and their experience with the assessment
process. In the following sections, we discuss the topics that are
assessed (Section 5.1), the structure of the assessment guidelines
(Section 5.2), how the assessment guidelines are used (Section 5.3)
and the teacher’s experience with that assessment (Section 5.4). In
these sections, we will describe the results of our analysis with
themes and supporting quotes. In Section 6 we will then draw fur-
ther connections among these aspects and compare our results with
the existing literature.

5.1 What is assessed? (RQ2)
Of the courses we looked at, four include one or more program-
ming assignments, which are intended purely to test programming
skills. Three of these combine this with an additional written exam.
The other eight courses use a single integrated project, without
clearly defined subtasks and which usually assesses skills beyond
just programming. Different assessment methods are applied for
these, including assessing the final product, presentations, meet-
ings with students and teacher-observation of their process, written
reflections, a peer review, a report and evidence of individual con-
tributions.

Even though not all projects specify the functionality students
should implement, functionality is still assessed in one way or
another in all assignments. For some these are detailed requirements
(05) or input/output relations specified by tests (07, 08). For others,
it is described in more general terms like “app does not function
as described in the specification” as a descriptor for insufficient to
“app functions more or less without errors” for sufficient (04), where
the specification is given by the students themselves. Two courses
include the option of an open bonus in their assessment guideline,
like “You’ve added fun extras that required challenging programming.”
(02)

Most projects, with three exceptions, also assess code quality.
For some, these are formulated as goal-oriented criteria, like “The
software is reliable and maintainability-aspects are clearly applied.”
(01) and “The source code is easily readable.” (01) Others use more
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specific requirements around code style, like “Comments are miss-
ing in places where they are needed.” (06), “The variable names are
very cryptic. One-letter variable names should be avoided, except for
counters in for-loops.” (02), or “Clear naming, structure and error
handling.” (04) A few assignments also assess the use of design
patterns, either a specific pattern students are supposed to use
(“not adhering to MVC (by having an association from model to gui)”
(05)) or in more general terms (“The implementation selects the ap-
propriate design patterns and rationalizes their adoption” (11)).

Design is assessed in 8 out of 12 assignments, either as archi-
tecture descriptions or as it is implemented in the code: “You make
logical use of member variables, method parameters, and/or prop-
erties to give objects/classes access to each other.” (02) as a positive
descriptor, “Monolithic code with no packages, big classes poorly
related to concepts and no documentation.” (09) as an insufficient
descriptor. Respondent 05 said they “try to see whether students have
good modelling skills,” (05) which they assess mainly based on the
diagrams students create of their design. For use case diagrams
“they are supposed to not use technical terms, it should be kept kind of
abstract, language independent,” (05) while in communication and
class diagrams “we expect more technicality, association, division of
responsibility.” (05) This should translate to the code students write,
where they look at “for example, having small, well-focused classes.”
(05)

For a few assignments, the teachers also assess if students are
able to use the appropriate code constructions in the language,
ranging from if-statements or loops to inheritance or constructions
for concurrency: “we’re trying to see if they understood the main
concepts, like for-loops, recursion, inheritance, […] up to interfaces and
abstract classes” (02), or “whether they use prepared statements or not,
whether they handle concurrency appropriately.” (09) This can also be
more open: respondent 04 wants their students to generally learn
new techniques and assesses that “correct programming techniques
are used with the required mastery in an efficient manner.” (04)

In about half of the assignments, testing is assessed. This may
include different types of testing: the rubrics of case 09, for example,
rate “Applied a testing strategy with Unit tests, Integration tests and
User tests.” as above average, and applying two out of those three
as sufficient. Others also describe quality attributes of the tests, like
“The testing methods cover all code and are automated. The approach
is exceptionally well-reasoned and structured. The tests comply with
all points set out in the unit testing guidelines.” (01), or the testing
process, like “They started testing early (sprint 1 or 2).” (06)

Besides the product and the code, the process is also an often-
assessed aspect, including aspects of collaboration, but also the
use of tools and infrastructure, like version control and CI/CD
pipelines, to enable collaboration. The assessment guidelines of
case 04 cover all in a single criterion “CI/CD, version control and
collaboration,” (04) for which the highest level (good) reads “Every
component its own issue, on its own branch, with explanations and
comments on issues and code. Clear commit messages. Have mastered
deployment.” (04) Other cases include more thorough descriptions
of their expectations for teamwork, for example including criteria
on “Reliable presence in the group common room”, “Attendance of
group meetings”, “Participation in group meetings”, “Attitude in group
meetings”, “Attitude in the development”, “Working as a team”, “Fair
division of labour”, “Pair programming” and “Helping others” (06).

In four of the assignments, students are asked to create a prod-
uct vision, with requirements, stakeholders, user stories and/or
scenarios for their product. This is typically assessed on relevance
and completeness: “The product vision is appealing and answers the
what-, who- and why-questions. Personas are clearly described and
match the target audience. Features are independent, coherent, rel-
evant.” (01) “Description and use cases: complete, detailed, aligned
with the rest; Features, MoSCoW and components: matches description,
appropriate and specific” (03)

In three assignments students are asked to reflect on their work,
sharing what they learned and what they would change in a next
iteration, regarding the process, collaboration and/or technical deci-
sions. Case 04 covers all of these: “Reflection shows insight and gives
a clear overview of important design and implementation decisions,
with possible alternatives, whereby disadvantages and advantages
of the choices made are discussed. There is also a reflection on the
collaboration process.” (04)

While written reports or presentations are used to gather infor-
mation to assess any of the above topics, in some cases the report-
ing itself is also assessed: “General polish, language use, and images:
clarity, readability, visual appeal” (03) Respondent 09 mentions that
“the final presentation is mostly related to the actual presenting skills
rather than the actual functionality of the project.” (09)

5.2 How are assessment guidelines structured?
(RQ3)

Figure 2 shows an overview of the different structures used in
the assessment guidelines in this study, along with the number of
courses that use such a structure. We describe two axes in the figure:
the format of the assessment guidelines as either a table or a list
and how the guidelines describe different levels of achievement,
using level descriptors or marks, or if they only give the plain
criteria without describing levels of achievement.

Four assessment guidelines make use of a traditional rubric: a
table with levels of achievement on the columns, criteria on the
rows and level descriptors in each cell. In this form, the same levels
are typically applied to each criterion. Another three cases also use
level descriptors, but write them as a list, rather than a table. In all
those cases, different levels are used for each criterion.

An alternative to level descriptors is the use of marks. This
represents a more analytic approach to assessment, where positive
and negative aspects are counted and summed together. This is
often used for exam questions, where points are awarded for parts
of a correct answer or steps in a calculation, but it can also be
applied to larger projects to determine a level of achievement.

Finally, three courses in our study do not specify levels of achieve-
ment and only give the plain criteria, at least for some of them. In
one case, this takes the form of an empty rubric, where a table is
used to generally describe different levels and the criteria, but the
cells do not contain specific descriptions for each criterion at each
level. Two other courses simply list the criteria with a maximum
number of points, leaving it up to the assessor how many of those
points to award in each situation.

The total number of cases in Figure 2 exceeds the total of 12
courses, because some combine multiple approaches for different
aspects of the assessment, like including both level descriptors and
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Level descriptors Marks Plain criteria

Table

Rubric (4)

✗
Empty rubric (1)

List

List of levels (3) List of marks (4) List of criteria (2)

Insufficient Mediocre Sufficient Good

App (15%) App doesn’t work 
as described in the 
specification

App works mostly 
as described in the 
specification, some 
corner cases result 
in errors

App works more or 
less without errors, 
but has minimal 
test coverage

App works more or 
less without errors, 
with good test 
coverage

Code style 
(20%)

Unclear naming, 
no clear function 
division, missing 
documentation

Unclear sections of 
code. For example 
unclear naming, no 
clear function 
division of unclear 
documentation

Clear naming, 
structure and error 
handling with small 
hints in essential 
places

Clear naming, 
structure and error 
handling. Clear 
hints that clarify 
the structure of 
processes

CI/CD, 
version 
control and 
collaboration 
(15%)

No issues per 
component, no 
branch per issue, 
bad or missing 
commit messages, 
often non-working 
code on master

Work on separate 
branches, but with 
bad or missing 
commit messages

Work on separate 
branches, with 
clear commit 
messages

Every component 
has its own issue, 
on its own branch, 
with pointers and 
comments on 
issues and code. 
Clear commit 
messages

Insufficient
Not executed, or 
many aspects 
lacking

Under par
Important aspects 
lacking

Sufficient
Meeting 
requirements, but 
some issues

Good
Well done, some 
minor issues

Excellent
Very high quality, 
beyond expectation

Can be executed, 
installation 
instructions

Matches 
expectations and 
description in report

Look, feel and 
polish of the 
product

Bugs and issues: 
quantity, severity

Communication between objects
 You have very few classes, so there is little communication❌
 Lots of communication through global or class-public variables❌
 Good use of method parameters for communication🟡
 Uses parameter passing with minimal necessary information✅

Comments
 Comments are missing completely❌
 There are comments, but not enough to make the code readable🟡
 The code is overcommented, don’t explain every detail!🟡
 Generally good, but could be a bit more extensive✅
 Clear and informative comments, helps to understand structure✅

Code quality

+1 Intuitive structure, well documented

+1 Methods and functions are well-named

+1 Good separation of concerns in classes

-1 Multiple functions are too long

-1 Comments are missing

-2 Clearly copied code in the same file

-1 Outcommented code is left behind

Code quality

- Design: extensibility, documentation 3pt

- Function: usage of methods, 
construction of methods, error handling

5pt

- Project structure: project clarity, usage of 
variables, usage of comments

2pt

- Quality assurance 1pt

- Version control 1pt

Figure 2: The ways in which assessment guidelines are structured and how they describe levels of achievement. The number of
assessment guidelines in this study that use this structure is indicated in parentheses. Some courses use more than one type of
structure, so the total sums to more than 12. The example for Rubric is quoted from case 04 and those for Empty rubric and List
of criteria from case 03. The examples for List of levels and List of marks are inspired by cases 02 and 06 respectively.

plain criteria in a list (08) or using marks for some criteria and level
descriptors for others (06). Not included in the figure are test cases,
which are also used for two assignments.

When it comes to grading, most assessment guidelines contain
some evidence of analytic gradingwhere a final grade is calculated
based on scores assigned to each part. Indicators for this include
numerical weights given to each criterion or a grade calculation
formula in a spreadsheet. In one case the assessment guidelines
explicitly call for a holistic grading approach: “For the grade you
give a number based on your overall impression. You also assess
individual parts, but you don’t give partial grades that somehow add
up to a final grade.” (02)

5.3 How are assessment guidelines used? (RQ4)
The primary use case for the assessment guidelines seems to be
summative grading: “we basically use the rubric […] as a way of
guiding the grading of the assignment.” (11) For the cases where
test cases are part of the assessment guidelines, this is partially
automated, but in most cases it is a manual effort.

Two respondents describe using a holistic grading approach: “I
guess the point there is that you don’t just add up all these small pieces
and then you’re just reaching a passing grade. Because a student could
do tiny things that are not really showing that they learned about
[t]he objectives of the assignment and then they can get a passing
grade. […] I think the phrase basically tries to avoid that.” (02)

Others typically do analytic grading, where, for example, “for
each one of the criteria […] you’re asked to be providing a grade from
1 to 5 and then this formula calculates a grade taking into account
the different constraints of the assignment.” (11) For one assignment,
the calculated grade is explicitly a grade suggestion, which the
teacher can choose to copy, but which can also be adjusted: “If you

have two teams that score close together, then it can happen that you
do think like ‘well, but this team did slightly better than the other, so
they get slightly higher.’ And sometimes it can happen that you’re a
bit in between categories. I think that in practice many do just copy
the suggestion, but…” (03)

Usage for feedback is mixed: two respondents mention that
teaching assistants make use of their rubric when giving feedback,
though one also notes that “the feedback tends to end up being
more about requirements rather than criteria we have in the rubric.”
(11) Four others note their assessment guidelines are not used
for feedback: “the rubrics are not really used at that point. […] I
don’t have the students going through, you know, with a letter in
front of them or something.” (02) Both of the courses that apply
automated grading also make those tools available so students
receive automated feedback while working on the assignment.

Four teachers mentioned that teaching assistants are the pri-
mary audience for and users of their assessment guidelines, either
to give feedback or to do (a first pass for) summative grading.This is
often combined with further coordination, where the assessment
guidelines serve as a baseline, but where cases that do not quite fit
the mould are discussed by teachers and assistants.

For five courses, the assessment guidelines are shared with the
students: “of course, the students are aware of the rubric. At least, it
has been communicated with them,” (08), though two participants
also note that students don’t always look at it: “but I think a very
large proportion of the students do not really give it much thought,”
(08) and “there is a reading comprehension problem that gets worse
and worse every year. Half of them cannot even find the rubric.” (09)
In three courses, a modified version is shared with students,
typically with less detail. “The project description explains what
criteria are being used and explains based on what they are being
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Table 1: Relation between guideline structure and whether
the guidelines are shared with students

shared modified
shared

not shared

rubric 3 1
list of levels 1 2
marks 1 2
empty rubric 1
list of criteria 2

assessed. And it leaves out the specific levels that these criteria are
basically delineated in the rubric.” (11)

In two courses, the rubric is not shared with students at all.
One such case indicates in the assessment guidelines that the in-
structor should “remove all pre-written text (lists of commonmistakes,
good to have)” (05) before sharing the form with the students. Four
of the instructors for courses that do not share the rubric, or share
a modified version, give the same reason for this choice, namely
that they want to prevent box ticking behaviour: “[sharing the full
rubric] will enable the box ticking behaviour without really promoting
the positive aspect of engaging with the assignment, understanding
what is being asked, what is necessary for it. […] It will make it easier,
but not necessarily as well done, as rich a work.” (11)

Table 1 shows the relation between the structure of the assess-
ment guidelines (as described in Section 5.2) and the degree to
which these guidelines are shared with students. Interesting here is
that rubrics and plain criteria tend to be shared with the students,
whereas lists of levels or marks tend to have only a modified version
with less detail shared or not be shared at all. Note that the number
of guidelines with marks does not correspond with the number
in Figure 2, because in one case we did not discuss whether those
marks are shared with students during the interview.

5.4 How do teachers experience their
assessment process? (RQ5)

When asked for their experience with the assessment process, our
respondents mostly describe challenges which they currently face
or which they feel are addressed by some of the assessment strate-
gies they use. The fact that it can be very time intensive to assess
open-ended assignments was mentioned by seven respondents:
“You can do one team per day, so it takes you two weeks full-time to
do all. […] And the week before you’re reading all those peer reviews,
so you have a month where you basically don’t do anything else. […]
You want to take everything into account, and you can only do that at
the end. That is the big problem.” (06) When we asked for challenges
with open-ended assignments in general, as discussed in Section 4.1,
this issue was also brought up by two more respondents, making
it nine out of eleven who mentioned it at some point. Solutions
come in different forms, for example by employing TAs or using
automation: “The structure is really good, because we always have
support from the TAs. That’s really helpful, or else, when you have
100 students, it’s really hard to manage.” (02) “We have quite a lot of
students, so if we want to assess it, it has to go in some automated
way.” (07)

A challenge that results from sharing the work among multiple
teachers and TAs is consistency. Seven respondents mention that
clearly written assessment guidelines help to ensure consistency
between multiple assessors: “And it gives clarity. […] You give con-
sistent instructions and you expect the TAs to actually follow the
instructions consistently. To apply them consistently.” (11) For some,
the guidelines are the explicit result of collaboration between teach-
ers: “There are [disagreements] several times. There is something that
I think ‘ha, this is problematic.’ My colleagues say ‘no, that’s okay.’
And then we try to make an agreement on that. And then when we
agree on that, if we think it’s okay or problematic, then we also add it
to the evaluation rubric.” (05)

Transparency is another challenge mentioned by five respon-
dents. Respondent 04 mentions that with clear assessment guide-
lines, “students have a better idea what the assessment ultimately
depends upon.” (04) For respondent 07, their automation also helps
to ensure transparency: “They can understand where the grade comes
from that they get and that it isn’t something we just make up, but
that there are clear criteria and those are applied objectively. So I
think that is one of the main benefits of automated testing as much
as possible or working with detailed rubrics, that it is objective and
that there is relatively little discussion.” (07)

Four respondents mentioned that they struggle with the question
of assessing product vs process: “sometimes it feels like we don’t
sufficiently assess the product,” (03) though respondent 09 notes that
“the aim of the project is not for them to deliver something to a client.
It’s more for them to practice with database APIs, web programming,
[…] and for them to learn Agile and Scrum.” (09) For respondent 06
it’s very clear: “This really is the most important aspect of the course:
you always assess the process. A good process leads to a good product
anyway.” (06)

When students work together, differentiating assessment in
collaboration can also be a challenge, due to the amount of work
and information required to do this. “I think the main challenge is in
grading students fairly on their weekly performance and also giving
students the impression that they are assessed fairly in that way.” (03)
Three respondents also mention generative AI as a challenge for
assessment. “The main question I have, is how students use gen AI,
how we can defend against that or embrace it. I don’t have an answer
to that yet.” (08)

Three respondents mention giving feedback as a challenge:
“When I see what the TAs do, the feedback they give… Well, I’m not
always impressed, even though I emphasise it every year.” (08) A chal-
lenge mentioned by two respondents is that tooling is lacking, for
example due to missing features, a mismatch between professional
tools and educational goals, fragmentation in tooling or a general
lack of quality.

Regarding the assessment guidelines or rubrics specifically, there
are both positive and negative experiences. Starting positively, nine
respondents said that their process and rubric generally works
well for them and results in good assessments: “in my experience, it
is the case that in the end the average generally matches [the grade]
you think the student should receive.” (03) “I had the TAs actually
telling me that this actually helped them a lot. And they wish they
had it in more courses.” (11) In particular, two respondents mention
that their rubric provides a justification for the grade: “most of the
time it results in the grade we intuitively feel, but we see why and we
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can explain it too.” (06) Two other respondents mention that while
their rubric may not be perfect, it covers the common cases: “if
you can handle 80% of the cases with this, right, then you only have to
deal with the 20% that are the complex ones. That’s fine, right?” (11)

Some respondents also experienced challenges with rubrics, of
course. The main complaint, voiced by four respondents, is that
rubrics can easily become over-specified, turning them into a
hindrance rather than a helpful tool. “My opinion about rubrics is,
like, it’s okay, but at some point it’s too much. […] They’re there to
advise you and they’re not really there to check boxes and you know,
like, they should be treated that way.” (02) This is reflected in how
this respondent uses their rubric: they have lists of level descriptors,
with differing levels per criterion, which are explicitly meant as a
tool for holistic grading. Respondent 04 does use a typical rubric
with weights for analytic grading, but also mentioned that “you
don’t want to grow the rubric much bigger. […] I know that it regularly
happens that I think, well, that’s not quite covered in there.” (04) They
also mentioned that in their case, it happens that the outcome
does not match their intuition: “you often have that you think,
‘oh, I would grant you a higher or lower grade based on what you
show here.’ But that can’t be justified in the rubric.” (04)

Three respondents mentioned that sometimes there is nomatch-
ing level, where none of the descriptors really match the student’s
work, in the rubric: “We have that section with 0, 0.4, 0.7 and 1. We
collectively agreed last year that those are discrete measurements. So
a 0.6 does not exist. And that often makes it hard, especially […] if
they meet all of them or most of them or the most important, in which
box do you go?” (09)

6 Concluding remarks
Openness in programming assignments is widely celebrated but
comes at a cost: across 12 university-level courses, open-ended
assignments support realistic application of programming and
software engineering knowledge, but make assessment labour-
intensive, complex and dependent on judgement distributed among
teachers and teaching assistants.

6.1 What is assessed in open-ended
programming assignments

Functionality is assessed in every course, even those with self-
determined goals, with code quality and design also common. This
broadly overlaps with previous work on code assessment: Neutens
et al. [21] found functional correctness to be most valued by school
teachers, though closely followed by the use of code constructions,
which we found to be much less prominent. Stegeman et al. [31]
identified aspects such as naming, comments and decomposition
in their code quality rubric, which matches some of the code qual-
ity aspects mentioned by our respondents. Most courses in our
study assessed substantially more than the submitted code (soft-
ware design, testing, development process, collaboration, version
control practices, reflection, reports, presentations), which aligns
with common criteria for capstone projects [12]. Within our sample,
open-ended programming assessment was mostly an assessment
of a broader development activity rather than only of a program as
a final product.

This breadth limits the viability of fully automated assessment:
automated tests may provide evidence about functionality or code,
but outcomes involving design decisions, process, communication
and individual understanding continue to require structured human
judgement, potentially assisted by tools to organise evidence [28].

6.2 Assessment guidelines as grading and
learning resources

Guidelines range from conventional rubrics to lists of levels, marks
and plain criteria, sometimes in combination. This goes against
a large body of work recommending rubrics [3, 23], but matches
findings for capstone assessment [12]. Andrade [2] distinguishes
scoring and instructional rubrics, indicating that the clear criteria
and descriptions of quality of a good rubric [4] are most valuable for
the latter. In the courses we studied, however, rubrics are used pri-
marily to support summative grading, often by teaching assistants.
Use for formative feedback is more limited, and detailed versions
are not always made available to students.

Our findings suggest that the two purposes impose different
demands. Assessor-facing guidelines may need detail for coordina-
tion, traceability and justification. A student-facing resource must
instead communicate important qualities without degrading to an
apparent checklist. Several participants reported withholding or
simplifying detailed descriptors to prevent students from focusing
on satisfying individual indicators (“box ticking”) rather than on the
intended quality of the work.This suggests that assessor calibration,
summative grading, formative feedback and student self-regulation
might be better served with separate, though aligned, documents.

This distinction may also play into the tension participants de-
scribed between comprehensiveness and usability. Detailed rubrics
can cover common situations and justify a grade, but participants
also reported that descriptors may fail to fit unusual submissions
and that increasingly detailed rubrics can become cumbersome. Less
detailed guidelines leave more room for professional judgement
but may offer weaker support for consistency and explanation. The
appropriate balance is likely to depend on the assignment, the expe-
rience of the assessors and the way exceptional cases are discussed
and moderated.

6.3 Consistency, judgement and workload
Participants believed that assessment guidelines improve consis-
tency and make grades easier to justify, especially when teaching
assistants perform much of the assessment. This perception is com-
patible with general literature describing transparency and stan-
dardisation as benefits of rubrics [6, 14], but does not demonstrate
objective reliability. Studies of programming assessment have found
substantial inconsistency among graders even with a rubric [5, 20],
and we did not measure inter-rater agreement or independently
compare grading decisions.

One possible reading of these findings is that written guidelines
are useful but not sufficient. Participants also described discussion
among teachers and teaching assistants, adjustment of calculated
grade suggestions, and collective decisions about cases that did not
fit predefined categories. These practices indicate that assessment
consistency may depend on a combination of written criteria, asses-
sor calibration and opportunities for moderation. Retaining some
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professional judgement need not mean abandoning consistency;
rather, that judgement should ideally be made visible and discuss-
able. It could be that rubrics play a crucial role in facilitating such
discussions.

Workload still remains a central concern. Most respondents men-
tioned the time required for supervision, feedback or grading, and
teaching assistants are important to making assessment feasible at
such a scale at all. This reinforces the value of support tools, but also
constrains what such tools should be expected to accomplish. Based
on the practices we observed, potentially useful support includes
accommodating different guideline formats, combining analytic
and holistic decisions, collecting multiple forms of evidence, coor-
dinating assessors, and recording explanations when an assessor
steps away from a calculated suggestion or predefined descriptor.
Support for different student-facing and assessor-facing views may
also be worth exploring. These are design implications derived from
a limited qualitative sample, rather than validated requirements,
and should be evaluated in use.

6.4 Limitations
Our findings should be interpreted in light of their limitations. We
deliberately selected courses using open-ended assignments, so
the results do not describe programming assessment in general.
More closed exercises, examinations and courses organised around
progressively introduced language constructs may use different
assessment practices.

Our study covered 12 courses, mostly at Bachelor level, within
computer science programmes at Dutch universities. It was de-
signed to characterise practices rather than estimate their preva-
lence. The counts reported in the findings show patterns within
the sample but do not support claims about how common those
practices are in the wider population. Assessment practices in other
countries, institutional settings, disciplines or non-CS programming
courses may differ. As noted in Section 4.1, teachers tend to give
junior students more structure, and multiple respondents indeed
indicated that their Master-level courses are even more open-ended,
while being usually less challenging in terms of scale. Another con-
sequence of our focus on Dutch universities could be related to the
fact that lecturers there are required to obtain a University Teaching
Qualification (UTQ) within a few years of starting at a teaching
position [8]. This means that most of the teachers we spoke to, or
who designed the course taught by the teacher or teaching assistant
we spoke to, have some basic didactic knowledge, including on
the topic of assessment. The exact implementation, structure and
content of the UTQ differ across universities, however, so with our
coverage of seven universities we aimed to ensure that there is
enough diversity in their backgrounds. There might be some other
cultural consequences as well.

Our account is also based primarily on interviews with one
teacher or head teaching assistant per course and on the assess-
ment documents they provided.We did not observe grading sessions
ourselves, analyse completed grading forms, measure agreement
among assessors or collect student perspectives. Statements about
consistency, transparency, checklist behaviour and the usefulness

of rubrics therefore represent participants’ experiences and inter-
pretations.They should not be read as independently verified effects
of the assessment practices.

Finally, all authors work in an institution where project-based
learning and learning-by-doing are prominent. This may have influ-
enced the questions we considered important and our interpretation
of open-ended assignments. To limit this influence, we kept the
analysis close to the interview data, used second coders on a sub-
set of the material, discussed coding disagreements, and provided
supporting quotes throughout the paper alongside codebooks in
the supplementary material.

6.5 Future work
Several directions follow from these limitations and findings. To
start with an obvious one, studies across countries and institutional
contexts could determine which observations are locally specific
and which recur more broadly. A larger survey could examine the
prevalence of different assessment structures, while retaining clear
distinctions among guideline format, grading procedure and audi-
ence. A stratification on different types of open-ended assignments
could also be of interest in a larger survey.

More direct investigation is also needed into the relationship
between assessment guidelines and actual practice. This could in-
clude measuring inter-rater agreement, observing how teachers
and teaching assistants resolve exceptional cases, and studying how
students interpret and use different forms of guidance. In particular,
comparisons of shared and audience-specific representations could
test the tentative distinction identified here between guidelines
designed primarily for learning and those designed primarily for
grading.

Finally, our broader project develops tool support for assess-
ing open-ended programming assignments in a slow, evidence-
informed fashion. The present study suggests that such support
should not assume one rubric format or restrict assessment to source
code. We are therefore exploring support for combinations of level
descriptors, checklists and open judgements, as well as evidence
from code, reports, presentations and other course activities. Future
evaluation should examine not only usability and time savings, but
also the quality of feedback, assessor agreement, transparency of
decisions and the extent to which the tooling preserves appropriate
room for professional judgement. Our current prototype supports
rubrics, possibly with differing levels per criterion, checklists and
open text fields. In an initial pilot of this tool, teaching assistants
were positive and indicated they would like to use the tool again
and prefer it over the LMS-based rubric we used last year.

Overall, open-ended programming assignments allow students
to demonstrate forms of learning that are difficult to capture in
closed tasks, but they also make assessment labour-intensive and
resistant to complete standardisation. The instructors in this study
addressed this through varied assessment guidelines, multiple forms
of evidence and a combination of explicit criteria and professional
judgement. Understanding how these elements work together and
how the needs of students and assessors may differ is an important
basis for improving both assessment practice and the tools intended
to support it.
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