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Abstract

This paper introduces the PrairieLearn Question Sharing System
(PQSS), which enables instructors to share question generators with
other instructors, either as open educational resources or privately.
PQSS is integrated into PrairieLearn, an open-source, problem-
driven online learning platform. PQSS addresses a critical need for
more open-source assessments by making it easier for instructors
to share assessments and for instructors to use those assessments.
Instructors often do not share questions due to the time it takes to
publish them and the lack of recognition for their work. Because it
is directly integrated into PrairieLearn, PQSS reduces the aforemen-
tioned friction of sharing and using shared questions, and we can
report usage statistics to help question authors receive recognition
for their work. In this paper, we share design and implementation
details of the system, as well as experiences using it to share course
content across courses and between universities.
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1 Introduction

Learning, especially of procedural knowledge, requires students
to perform tasks repeatedly. An abundance of research has shown
that retrieval practice (when students articulate or use knowl-
edge from memory) gives stronger learning gains than rehearsal
practice (when students re-read or re-watch sources of informa-
tion) [37, 41, 48-51]. Instructors can take advantage of the testing
effect by using low-stakes testing in their pedagogies and their
assessment strategies [25]. Active learning techniques (e.g., peer
instruction [45], think-pair-share [55]) are forms of low-stakes test-
ing. Similarly, assessment strategies such as low-stakes, frequent
exams [19, 26, 31, 44], second-chance exams [17, 28, 33, 35], and
mastery learning [22, 42] are effective in part because they engage
students in strategic uses of testing.

While frequent low-stakes testing has been shown to be benefi-
cial, it hinges on having access to large amounts of practice ques-
tions for students to work on—and writing (and refining) questions
requires significant instructor effort. Adding to this burden, many
faculty re-write assignments every semester to mitigate plagiarism.
This cycle of constant question development can be mitigated by
question generators [57, 58], questions that have been augmented
with code to generate a range of question versions (see Figure 1).
Question generators can be re-used across terms, because each
student gets a fresh, randomized question from the generator. In
addition, they make it easy to give students as much practice as they
want by allowing them to keep generating new question versions.

Question generators solve a number of problems, but they do not
solve the problem of authoring effort. In fact, creating and testing
questions generators and the associated code takes even longer
than writing static questions. However, question generators are well
suited to sharing across courses and instructors, because their re-use
is less detrimental to question security due to randomization [23].

Open educational resources (OER) are freely available and pub-
licly shared resources that provide a platform for this infrastruc-
ture [59, 60]. While there are ample OER resources that provide
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Question Template

Parameter Randomizer

A

Input a value for the variable {var1} such that the b

and Autograder variable {var2} is {result} after the code executes.
{varl} =
/ \ HTML Templating {var2} = {expression}
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8 Copy question

Input a value for the variable a such that the
variable b is -2 after the code executes.

Question Instance

¢ Copy question a =

™ Copy question

Question Instance

Input a value for the variable y such that the
variable x is -7 after the code executes.

y =

-6 -y %3

Figure 1: An example question generator with one-click copy question feature. The portions of the question marked in red
(the target value and the arithmetic expression) are generated in a randomized manner by a snippet of Python code—they will
appear differently to each student who attempts the question. This allows students to get more practice and instructors to
worry less about cheating [23]. Randomized parameters need not be highlighted in a different color in the user interface.

content for students, we lack OER platforms that provide automati-
cally gradable assessments [40, 60]. OER question generators can
meet this critical need.

PrairieLearn is an open-source platform that provides infras-
tructure for authoring and sharing OER question generators. It is
being used across 20 institutions. This paper introduces the PQSS,
a system for sharing questions which is directly integrated into
PrairieLearn. Integrating the question sharing system directly into
the same software where instructors and students are using the
questions in their courses has the potential to reduce the many doc-
umented barriers to the sharing of questions as OER [30, 40, 60].

While trying to share question generators in a form that could
be supported in any platform would be ideal, this paper attempts
a simpler goal, which still has yet to be solved: efficiently sharing
questions among instructors within a single platform. We believe
that sharing even at this level is sufficiently challenging in both
technical and social dimensions to merit discussion and may inform
future attempts to share within and across platforms.

2 Background
2.1 Open Educational Resources

It is widely accepted that in order for educational content to be
considered OER, it must meet the 5Rs: users must be able to retain,
reuse, revise, remix, or redistribute the educational content [40, 59,
60]. OER are “teaching, learning, and research resources that reside
in the public domain or have been released under an intellectual
property license that permits their free use or re-purposing by
others” [18]. As such, content must be licensed in a way that has
these features, with the most commonly chosen licenses being in
the Creative Commons set of licenses [1, 40, 60].

A significant driver for the adoption of OER is to improve access
to materials for students in developing countries and those who
simply cannot afford the cost of traditional textbooks and accompa-
nying materials [56]. Instructors also appreciate modifying OERs
as opposed to starting from scratch.

Unfortunately, OER typically focus on presenting information
and not providing assessments [40, 60]. Even prominent reports on
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the progress of OER fail to mention assessments at all [18]. While
OER question banks exist (e.g., KEEN Cards [38], nanoHub [39],
clark.center [2], Open Physics Problem Bank [7]), they are often
isolated from other OER platforms and lack randomization and/or
automated grading. Wiley asserts that open assessment is an area
that “merit[s] particular attention” [60], and Knox agrees, noting
that a key weakness of OER is the poor assumption that learners
are able to self-assess [40].

2.2 Barriers to the adoption of OER

Despite the many benefits of using OER, many people are still
hesitant to share their own educational resources, or to use OER.
Some barriers to sharing and usage are:

(1) Effort: Instructors don’t want to spend the time it takes to
publish their materials given other time demands [30].

(2) Security: Many instructors are worried about losing the in-
tegrity of their exams if they publish their questions [30].

(3) Recognition: Instructors would like to receive credit for their
published educational resources, especially for promotion at
their universities [30].

(4) Time Concerns: It takes time to integrate resources into your
course [21].

(5) Lack of Quality: Some faculty have concerns that OERs may
not be of the same quality as traditional, proprietary re-
sources [20].

(6) Discoverability: Many faculty said they had issues finding
resources, worried that content for the courses they teach
didn’t exist, and wanted peer reviewed repositories that were
easily searchable [15, 20].

In Section 3.2, we will discuss how PQSS was specifically de-
signed to address many of these concerns, both on the side of
question generator authors sharing their generators and on the
side of those using shared question generators. We will also discuss
plans in place to address additional barriers in future updates.

2.3 Question Interchange Formats

We briefly review two question interchange efforts: the Question
and Test Interoperability specification (QTI) [14] and the efforts of
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Table 1: Summary of the barriers to sharing and use of OER, and how PQSS is designed to resolve these concerns.

Using OER:
Time Concerns  Questions are directly importable from within PrairieLearn Complete
Quality PQSS will provide psychometrics on past usages of the questions Planned
Discoverability PQSS will provide recommendations based on similar content Planned
Sharing OER:
Effort Questions can be directly shared within PrairieLearn Complete
Security Questions can optionally be shared privately Complete
Recognition PQSS will provide usage statistics Planned

the Standards, Protocols, and Learning Infrastructure for Comput-
ing Education (SPLICE) group [52].

The goal of QTI is to provide a single format that multiple learn-
ing management systems can use for interoperable questions and
exams [14]. QTI uses its own XML format with support for auto-
matic grading, feedback via adaptive items [13], and item generators
via item templates [12]. While QTT is supported by major LMS ven-
dors, we have not seen substantial efforts to share questions via QTI
in the SIGCSE community, possibly because (1) it uses a custom
XML format to describe question randomization that is not easily
generated from standard programming languages, and (2) it has no
support for grading student code.

The SPLICE working groups have been developing standards and
systems that facilitate sharing of assessments and other smart con-
tent that are CS specific [52]. One such standard is their Program-
ming Exercise Markup Language (PEML) [24], which focuses on
the ease of translation to other markups and an intuitive key/value
pair structure. The PQSS system described in this paper isn’t trying
to solve the interoperability challenges that QTI and SPLICE are
trying to solve, so it permits a much richer programming interface,
but has the potential to simplify the process of sharing, as it can be
done directly through the platform.

2.4 PrairieLearn

PrairieLearn is an open source online question and answer plat-
form [57]. PrairieLearn empowers instructors to create sophisti-
cated question generator types (e.g. programming, Parsons prob-
lems, symbolic mathematics, interactive student graphs, and auto-
graded written responses) with HTML. Some examples are shown
in Figure 2. PrairieLearn’s robust plugin architecture allows instruc-
tors to extend the platform however they want by writing custom
code: instructors can create, or integrate existing, interactive tools
for students in the browser and develop custom grading scripts
on the back end. The open source model for PrairieLearn enables
faculty to contribute new question types to the community, facilitat-
ing the spread of PrairieLearn to new disciplines. PrairieLearn has
been adopted by hundreds of courses at dozens of universities [10].
PrairieLearn’s collection of features makes it a great host for an
integrated question sharing system.

PrairieLearn fills a critical need in the current landscape of ed-
ucational sharing and autograding systems. Most OER sharing
systems (e.g., OpenStax [8], MIT Open-courseWare [6], edX [4],
LibreText [5], CMU Open Learning Initiative [43]) are focused on
delivering information rather than supporting assessment and are
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often closed ecosystems (e.g., they lack integration with Learning
Management Systems (LMSs)) [40, 60]. Other sharing platforms are
Discipline-Based Sharing Systems (DBSS; e.g., KEEN Cards [38],
nanoHub [39], clark.center [2], Open Physics Problem Bank [7])
that encourage faculty to share assessments for a single discipline
but generally do not provide autograding or randomization and
are not easily extensible to new domains. Conversely, most au-
tograding systems are either proprietary (Codio [3], WebAssign,
Gradescope [53], Zybooks [32]) or are closed ecosystems (Rune-
stone [27]). The lack of integration between sharing and grading
systems means that instructors must often manually port content
from a sharing system to an LMS, creating a major barrier to adop-
tion of OER [30]. With the implementation of PQSS, PrairieLearn
addresses these issues by uniquely allowing instructors to share
questions and consume shared questions in the same platform that
delivers the questions to students and autogrades them.

3 Implementation

While some implementation details of PQSS are specific to Prairie-
Learn, we believe the features and design principles of the system
could be informative to other questions and answer platforms. Ques-
tion generators can either be shared publicly, so that anyone can use
them in their course, or shared only to specific other courses using
the private sharing system. For clarity, we will refer to the course
that is sharing a question generator as the “producing course” or
“producer” and to the course using a shared question generator in
their assessments as the “consuming course” or “consumer”.

Because a question generator on PrairieLearn is created by code,
each generator needs an entire execution environment. At mini-
mum, this execution environment comprises an HTML file that
defines the user interface, a Python file that generates and grades
question variants, and a JSON configuration file with question meta-
data. However, a question generator may also rely on additional
server or client code. Sharing this execution environment is cum-
bersome. However, PQSS handles this complexity automatically by
executing the generator in the context of the producer rather than
the consumer. Because shared question generators are executed in
the same manner as they exist in the producing course, updates
and bug fixes are automatically propagated to consumers, helping
resolve concerns about OER maintenance.

Question generators are shared in PrairieLearn by editing the
configuration files for the generators, which can be done directly
in the JSON files or through the web user interface. Thus, sharing
question generators does not require creating any new accounts or
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In this problem, you are given a MIPS instruction and the values that are stored in registers 1-7 (below).
Please enter the values that are on each labeled bus of the datapath in hexadecimal in the highlighted boxes

for the instruction: xor $2, $3, $7 e

Format hexadecimal numbers without any prefixes (correct: 1A, incorrect: 0x1A).

overflow

zer0

'w Register File negative
inst[25:21] 5 Rs 1:0]
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ns![20:16 5 Rt 32
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Drag from here: @ Construct your solution here:

else: def detect_fever (temperatures):

fever_indexes = index(temperatures > 38.5) Tover_nies = [0

fever_indexes.append (i)

fever_indexes.insert (i)

for t in temperatures: fever_indexes .append(t)

for i, t in enumerate(temperatures): ‘
return fever_indexes ‘

if i > 38.5:

|
|
|
‘ if t > 3
|
|
|

return []

Consider the following graph:

If we consider the graph to be a network flow, what is the capacity of path AB —> BE —>
EF —> FD?

Path Capacity:  integer (2]

Design a finite state machine that determines the least recently used number in the set {0,
1, 2} and outputs it as the 2-bit unsigned number (xy) each cycle. Your FSM receives a 2-

bit unsigned binary number (ab). Your start state should assume that numbers 0, 1, 2 were
previously seen in that order, making O the least recently used number. If an illegal number
that is not part of the set is received as an input, return to the same state. e

label

@,

02

/_\ a'b

Figure 2: Examples showing flexibility of PrairieLearn: (a) label the datapath value for a randomly generated instruction, (b)
Parson’s problem, (c) randomly parameterized graph, and (d) an FSM drawing mini-CAD tool. PrairieLearn also supports many
other types of questions, including grading student code in any language, autograded Explain-in-plain-English question using
NLP, or any other type of problem for which an instructor can build a user interface with HTML and JavaScript, and can grade

using Python code.

generator conversion, minimizing the amount of time it takes to
share questions.

Assessments (homework and exams) in PrairieLearn consist of a
list of which question generators are on the assessment (referred to
by their question ID), along with other configuration details such
as how many points each question should be worth, how many at-
tempts students should get, and other information relevant to exam.
These can be edited in the web user interface, or as JSON files. To re-
fer to a question generator from another course, the system uses the
question ID prefixed by the "@" symbol and the sharing name of the
course. For example, to use the question generator "addNumbers"
from the course with sharing name "test-course", one would
put "@test-course/addNumbers" into their assessment’s JSON
configuration.

3.1 Sharing Publicly

PQSS supports two types of public sharing: import sharing and
source sharing. Both import and source sharing can be turned on
and off for questions on an individual basis. Questions set for im-
port sharing (with "sharePublicly": true) or for source sharing
(with "shareSourcePublicly": true) are considered as being
published for free use under a creative commons license license [1].
Question authors may choose to share their questions either one
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or both ways, depending on their needs. More details are shown in
the PQSS documentation [9].

3.1.1 Import Sharing. Import sharing allows other people to di-
rectly use a question in their assessments. Import sharing is a good
way to make it easy for other instructors to use questions written
by other instructors or for other courses. Import sharing will also
propagate all updates and fixes made to questions to the consuming
course. Once a question has been shared and then imported by
another course, that version of the question cannot be unshared to
prevent breaking the consuming course.

On the other hand, using only import sharing provides some
measure of security over the inner workings of a question generator
because the source code is not publicly available, so it may not be
clear how new variants of the question are generated.

3.1.2  Source Sharing. Source sharing allows other users to preview,
view the source, and copy the source of a question. Instructors
interested in making their content maximally available for others
to use will likely enable both import sharing and source sharing of
their questions.

There are some use cases, however, where an instructor may
want to enable only source sharing without import sharing. For
example, an instructor may want to avoid the potential maintenance
burden of other instructors relying on their questions remaining
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Authorized consumer 1:

Producer course

Sharing Set 1
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Figure 3: Overview of the question sharing system, showing
the different levels of question-sharing permissions.

usable over time. Or, if a question has some context that makes it too
course-specific, the question author might realize that consumers
of the question will always want to copy and modify it before use
rather than just importing it directly.

3.2 Private Sharing Through Sharing Sets

While many instructors want to share their course content publicly
for anyone to use, there are also instructors that want to share only
to a limited consumer set. We provide the sharing set mechanism
to resolve instructors’ worries about exam security in relation to
sharing questions [30]. Access to shared questions that are not
shared publicly is controlled through sharing sets. A sharing set is
a named set of questions that you can share directly with another
course. Course owners choose which courses or instructors can
access which of their sharing sets. On the consumer end, importing
is the same as through public import sharing. For security rea-
sons, establishing the connection for one course to share questions
with another course requires coordinated action by producers and
consumers to approve the connection [9].

3.3 Sharing Assessments and Course Instances

Sharing an entire assessment or course instance is done by setting
"shareSourcePublicly": true in the JSON configuration file for
the assessment or course instance. This will enable anyone to view
or copy the JSON configuration file for the assessment or course
instance that is being shared. This will help those sharing questions
to organize in a way that will make it even easier for question
consumers to adopt, improving discoverability.

3.4 Authorship Credit and Usage Statistics

Those who write questions can specify their information in the
JSON configuration for the question. This collection of authorship
information will enable PrairieLearn to gather usage statistics for a
given author’s questions. The administrators of PrairieLearn can,
at a user’s request, generate a report with usage statistics for an
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author’s questions. In the future, we plan to build a dashboard
where question authors can view their question usage statistics
automatically. This transparency of usage statistics resolves the
concern that many instructors have, that they will not receive
credit for their work [30], as these usage reports can demonstrate
the impact of their work during tenure and promotion evaluation.

3.5 Additional Benefits of Sharing Integration

There are a few additional benefits of PQSS being directly integrated
into PrairieLearn, which will help further address instructors’ con-
cerns with using OER. Because the sharing system is a part of the
same software system where students are answering the questions
and having them graded, we can provide anonymized aggregate
statistics to give evidence of the quality of questions (such as their
difficulty and discrimination parameters [36]). This can help resolve
instructors concerns about quality of the OER questions.

We also plan to address instructors concerns about discoverabil-
ity and content coverage by building a recommendation system
that can recommend OER questions to instructors that are about
similar content as the content they are covering in their own course.
We wil also have a searchable catalog of questions that instructors
can browse. These will also be enabled by the integration of PQSS
into PrairieLearn.

4 Usage Experiences

PQSS has been used over the last few years by many instructors on
our authorship team, as well as by other users of PrairieLearn. So
far, 782 questions have been shared publicly and 571 questions have
been shared through sharing sets by a total of 31 different courses
on PrairieLearn. Here we highlight some of the experiences of the
authors in using PQSS.

4.1 Enabling Concept Inventory Sharing

Concept inventories are validated assessments that are designed
to evaluate students’ knowledge. They can be used for research
purposes, to test the efficacy of different teaching strategies, or as
diagnostic tools for instructors to test students’ misconceptions.

The Dynamic Programming Concept Inventory (DPCI) [29],
Cybersecurity Concept Inventory (CCI) [47], and Cybersecurity
Curriculum Assessment (CCA) [34] are all hosted on PrairieLearn.
While many concept inventories for computer science have been
created, many of them have not been used past their initial creation
and validation [16, 47].

For the ongoing validation of the Dynamic Programming Con-
cept Inventory, the question sharing system in PrairieLearn has
been hugely beneficial as all of the instructors collecting data on
the exam from their courses only have to import the questions, so
there can be a single source of truth for the question text across
revisions, without different versions of questions needing to be
copied around to different locations [29].

4.2 Enabling Rapid Course Development

The first at-scale use of PQSS took place in sharing introductory
programming questions from the University of Illinois to Univer-
sity of California San Diego, both large research institutions in
the United States. The consuming course was a large introductory
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Python course that had recently undergone a significant redesign
to incorporate Generative Al into course instruction and incorpo-
rating PrairieLearn as the platform for administering all course
assessments. Without the ability to share questions, this adoption
would have been highly challenging. It would have required either
manually copying all questions and their question elements from
the producing course to the consuming course—a process prone to
the errors and limitations detailed in Section 3.2—or authoring an
entirely new question bank, an undertaking that would have been
intractable in any reasonable period of time.

The question sharing mechanism ended up being essential to the
success of the new course. Author Porter was the lead instructor
of the course and faced the challenge of developing new learning
goals, new lectures, new labs, and new assessments while also pi-
loting PrairieLearn for the first time on campus. As PrairieLearn
was new to the campus, neither the instructors nor the instruc-
tional assistants were familiar with the platform and how to author
questions. As deadlines for the release of assignments loomed, the
ability to draw on a large repository of existing questions freed up
time to create new questions unique to this course and ultimately
made the course possible (and successful).

Partially because this first use of sharing at scale happened be-
fore the implementation of shared assessments and courses, it did
come with significant overhead. The question bank for the pro-
ducing course was large which posed difficulties for the consumer
to discover questions that were suitable for their context without
the aid of the producer. Though this was easily remedied through
weekly meetings, such meetings are, of course, only possible when
a producer has the time and willingness to support the consumer
in the question discovery process. In the future, the ability to share
assessments and course instances as a whole will help instructors
identify entire sets of questions for a given topic at once.

4.3 Enabling Rapid Prototyping and Evaluation

A central feature of the PrairieLearn platform is that it enables
the creation of custom web components (known as “elements”
in PrairieLearn). This makes it an ideal platform for the creation
and use of customized user interfaces, assessment items, and auto-
grading approaches, to name a few. However, prior to question
sharing, if such items were to be used in multiple courses, this
would require the custom elements to be copied to each course in
which the element is used, introducing the risk of question version
divergence. PQSS allows elements and questions to be authored and
managed from a centralized repository, enabling the rapid creation
and adoption of new tools.

This rapid prototyping may be particularly beneficial to educa-
tional research, empowering easy sharing across multiple univer-
sities. To the best of our knowledge, PQSS has been used to this
effect at least three times. Two instances were for the evaluation
of a novel LLM based autograding approach for code comprehen-
sion questions [54]. The autograder and custom question elements
that utilized the autograder were managed from a central, producer
repository. This enabled easy adoption of the autograder across mul-
tiple courses, and multiple institutions, with minimal overhead. The
third instance was for pilot testing of a novel grading mechanism
for Parsons Problems across multiple courses [46].
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4.4 OER Course Repositories

As an initial prototype of assembling a public repository of OER
question generators, we have solicited contributions from existing
users of PrairieLearn. These are presented on a dedicated “OER
resources page” on the PrairieLearn homepage [11]. There are cur-
rently eleven course repositories listed, with questions contributed
from 16 distinct authors. Anecdotally, these question generators
are being copied by other users of PrairieLearn, and they will serve
as the basis of our upcoming recommender and search systems
as described in Section 3.5. We are currently soliciting additional
content for this collection and we anticipate that it will continue to
scale up as PQSS becomes more widely used and additional features
are added.

5 Conclusion and Future Work

The implementation in PQSS is a significant step forward in simpli-
fying both the sharing of questions and using questions shared by
other instructors. It can therefore address the critical need for more
assessments in OER [40, 60]. By integrating question sharing fea-
tures into an online question and answer platform, PrairieLearn, we
seek to address many of the points of friction which have prevented
people from sharing questions and using shared questions in the
past. Future work on PQSS will continue to address more of the
documented pain points of sharing questions by making it easier
for authors to receive credit for their work and making it easier
for question consumers to find relevant material for their courses.
Our learning from implementing PQSS can also help build a body
of knowledge to make it easier for other platforms to implement
question sharing between instructors, as well as to work on future
standards for interoperability across platforms.
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