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ABSTRACT
This paper presents a new pedagogical paradigm “Crowdlearn-
ing”, where students experience deeper learning through
collaboratively creating learning materials for each other.
Crowdlearning practice is envisioned to produce large “banks”
of subject matter problems generated by students themselves,
in a crowdsourced way, as the students learn new subjects;
these problems can then serve as learning and assessment ma-
terials usable at scale. This paper overviews the motivation
for the development of Crowdlearning as a teaching practice
and the theoretical drivers behind it. The paper then reports
on preliminary field studies and experiences suggesting that
Crowdlearning has a solid potential for adoption in STEM.

CCS Concepts
•Social and professional topics → Socio-technical systems;
Student assessment; •Applied computing → Computer-
assisted instruction; Collaborative learning; E-learning;

Author Keywords
Crowdlearning; problem posing; collaborative learning;
intelligent tutoring systems; learning technologies; massive
open online courses.

INTRODUCTION
This paper presents the socio-technical pedagogical paradigm
“Crowdlearning”, aimed at engaging students in physical and
virtual classrooms in creative problem-posing and problem-
solving. The objective of Crowdlearning is to help learners
gain new perspectives on the use of subject-matter concepts
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and let them learn with and from each other. The vision
of Crowdlearning is that of a self-sustaining problem-posing
and problem-solving environment, where the students of a
given subject intermittently take on roles as (A) the creators of
subject-focused problems (problem statements/formulations
with answer alternatives, hints, correct answers with explana-
tions, etc.); (B) evaluators of problem quality; and (C) problem
solvers. The activities that the students perform in roles (A)
and (B) are consensus-driven, wherein students create and
“vote” in the problems that help them learn, thereby building
“banks” of subject matter problems to use for learning and as-
sessment. While Crowdlearning can be adopted as an in-class
practice, it is expected to be most useful when implemented
as an online platform that will direct collaborative activities
across classrooms, campuses and colleges, thus enabling an
organized growth and refinement of problem banks for indi-
vidual academic subjects. Such question banks are primed to
become ideal companions for classes around the world and
MOOCs, enabling deeper learning and automated assessment
[8] and potentially triggering the formation of MOOC-based
knowledge building communities [6].

This paper discusses the motivation of Crowdlearning as a
teaching practice, the theoretical drivers behind it, and chal-
lenges to its implementation and adoption. The paper then
reports on exploratory investigations that assessed STEM stu-
dents’ abilities to competently pose problems and engage in
Crowdlearning, shedding empirical insights into the associa-
tions between student performance in class and in Crowdlearn-
ing. Finally, it discusses the immediate plans and long-term
goals of the ongoing crowdlearning research.

MOTIVATION AND PROMISE OF CROWDLEARNING
Postsecondary STEM education often lacks research-based
foundations, with curricula being grounded in basic science
models, rather than in models for learning. Further, while
addressing education justice concerns, the current practices
undermine such strong motivational drivers in learning as
competitive spirit and sense of unity in achieving common
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goals. Crowdlearning brings “peer learning” [7] and “learning-
by-teaching” [5, 11] ideas into the online learning world, in
particular in STEM.

The following challenges are characteristic of higher STEM
education. First, instructors find it hard to assess the level of
conceptual understanding of the material by their audience
prior to exams, as students may be hesitant to provide live
in-class feedback when the material is technically challenging.
Second, the example/quiz/exam problems tend to be re-used
for instruction and assessment each year because formulat-
ing new problems at higher cognitive levels takes much time.
Third, “curves,” i.e., distributions of test scores over all stu-
dents in the same course, are commonly used for assigning
grades, yet over the course of a semester, students might not
know where they are in the “curve.”

The above challenges played the major roles in the conceptu-
alization of Crowdlearning, which targets several objectives.
The first one is to enable students to collaborate in a new
capacity – as teachers. The premise here is that deeper learn-
ing can be achieved once students recognize that, having ac-
quired some skill, they can immediately start helping peers
to master the same skill [7]. In Crowdlearning, they do it
by posing problems – not as open-ended questions but as
statements/formulations with answer alternatives (including
designated correct one(s)), solutions, hints, etc., – which the
peers can then try to solve. Posed problems are collabora-
tively improved relying on the principles of crowdwork, where
the assignment of the tasks to multiple workers allows even
non-experts to collectively produce quality outputs [16]. The
second objective of Crowdlearning is to increase the num-
ber/diversity of assessment materials for any subject to the
point where posed problems can be used for learning by them-
selves (with the learning materials attached to or referenced
within them). The third objective is for Crowldearning to offer
a new means to form knowledge-building communities [6].

THEORETICAL BASES OF CROWDLEARNING
Postsecondary STEM education often lacks sufficient research-
based foundations [2]. The historical approach to curricula has
been grounded in basic science models, rather than on mod-
els for learning. New approaches to STEM teaching demon-
strate that students’ learning can be stimulated by engaging
in the processes of problem posing, peer assessment, and
metacognition-developing activities [9].

The cornerstone of Crowdlearning is crowdsourced, collabora-
tive problem posing. Problem posing is the process of creating
or reformulating problems/questions based on given concep-
tual content [12]. The assumption of this theoretical approach
is that students learn the science content and processes in the
context of creating/investigating a problem, and attempt to
apply their knowledge to do so. Note that problem-posing has
been widely utilized as a teaching strategy mainly in mathe-
matics, but has seen only very limited use in physics, nursing,
biochemistry, and computer science and engineering [12].

A second theoretical basis for Crowdlearning is peer assess-
ment as a learning tool, which has been increasingly empha-
sized in education. Palmero and Rodrigues described several

advantages of peer assessment activity: evaluating peer works
(1) contributes to student learning processes, (2) increases
their motivation to learn, (3) improves their perception of their
work quality, and (4) increases their responsibility and satis-
faction in the learning process [14]. Peer assessment generally
includes an activity that students evaluate, and/or is evaluated
by their peers. Van Zundert et al. reviewed published studies
on peer assessment, and found that most studies on this subject
reported positive effects on students’ domain-specific skills -
such as science activities, autobiographical writing, and writ-
ing a research proposal - from enabling students to revise their
own work based on peer feedback [15].

The third basis for Crowdlearning is the adoption of the
learning-by-teaching paradigm, to both engage students and
help them develop metacognitive abilities. STEM knowledge
theorists claim that students’ conceptual understanding is com-
posed of many elements of knowledge, which are sponta-
neously and unconsciously activated when explaining differ-
ent phenomena (e.g., [4]). Conceptual change is theorized as
a process of knowledge integration, based on accumulation,
linking, connecting, and structuring of isolated elements of
knowledge and concepts [10]. However, the transition to sci-
entific understanding of content does not occur autonomously,
since students often do not have metacognitive awareness of
their own understanding. Developing metacognition – the
ability to monitor one’s own understanding [3] – in students is
one of key goals of learning science professionals.

Taken together, the works on metacognition, learning-by-
teaching, peer evaluation, and problem posing suggest that
deeper learning can be achieved through Crowdlearning.

CROWDLEARNING PLATFORM DEVELOPMENT
AT UNIVERSITY AT BUFFALO
To assess the potential of crowdlearning to accelerate learning,
the authors set out to conduct an exploratory feasibility study
aimed to establish the students’ ability to competently act in
roles (A) and (B) in crowdlearning, i.e., collaboratively initiate
the creation of problems and refine them to the point where
the instructor would approve their entry into a problem bank.

To this end, an online platform was designed. The platform
back-end is supported by MySQL database and PHP, and
front-end is written in JavaScript and HTML5 using Laravel
API. In the platform, the registered students can propose new
problems, revise them, and upon approval, see the aggregate
peer performance in those problems. The module where stu-
dents collaboratively evaluate and help improve each other’s
creations is currently in testing. Each approved problem is
automatically added to the problem bank for the correspond-
ing subject; the problems in the bank can then be randomly
selected by the platform to be offered to someone to solve,
ensuring anonymity. The platform provides real-time feed-
back to students about how their performance on attempted
problems compares against that of their peers (in aggregate).
Figure 1 illustrates the problem-posing functionality of the
described Crowdlearning platform.



Figure 1. Crowdlearning allows students to pose their own problems,
which are then given to their peers to solve.

Course Students Questions Created by students

IE 551 29 195 192
IE 500 13 37 36
IE 374 42 99 43
IE 320 12 59 0
IE 575 27 46 0
IE 320* 18 37 5

Table 1. A summary of students’ participation in crowdlearning for the
students in six courses, among which IE 320* was an long-distance (on-
line) course, as one of xxxxxxxxx courses. Columns 2 to 4 report the
number of students, the number of questions and the number of ques-
tions created by the students, respectively.

CROWDLEARNING EXPERIENCES IN STEM
The feasibility studies, assessing the potential for an adop-
tion of Crowdlearning, were conducted in the STEM setting,
within the curricula of Industrial Engineering, where the use
of technological innovations and new instructional practices is
rare.

The 2015 problem-posing module of Crowdlearning was
tested in several Industrial Engineering courses (see Table
1). Seeded by the material given in certain course modules, the
students were asked to contribute problems on the respective
topic to a problem bank as part of their homework assignments.
The completed problems, with the authors anonymized, were
made available to all the students to try and solve in prepara-
tion for quizzes and exams. The regression analyses with IE
320 and IE 374 data revealed a positive, statistically significant
correlation between the student problem solving performance
in Crowdlearning and their final course grades, albeit with a
low R-squared (see Figure 2). This can be in part explained by
the observation that, while looking to learn, some students did
not try hard to solve problems correctly, because they knew
they would benefit from seeing the problems’ solutions and

Figure 2. A positive correlation is observed between studentsâĂŹ per-
formance in problem solving activities.

explanations anyway. While clearly exposing intent to “game
the system”, this observation gives reasons to believe that stu-
dents will enjoy and benefit from evaluating peers’ problems,
wherein they see both the problem statements and solutions.

In 2016, the students of “IE 551: Simulation” students were
asked to work in teams (formed at their preference) to pose
problems, which, upon the instructor’s review and revision,
were combined into quizzes for the same student teams to
take - each team earned points if they solved a quiz problem
right, and also, if their created problem(s) were challenging
for the other teams. The instructors contributed 77 problems
to seed the problem bank; the student teams then added 81
more problems, of which 41 entered the problem bank, after
being iteratively refined to reach a very high quality with the
instructor’s formative feedback. The interview-based feedback
on in-class Crowdlearning activities was positive, with the vast
majority of the students voicing support of this practice as a
learning aid. It was discovered that teamwork leads to both the
higher problem quality and higher excitement about the plat-
form use. Many students praised the Crowdlearning activity
in their anonymous post-course feedback reports, e.g., writing
that “...Crowdlearning assignments really added to understand-
ing of the course material.” According to students’ feedback,
team-based problem-solving contests were engaging: students
worked to do well, often accessing and discussing lecture
notes, and communicating frequently. This finding speaks
in favor of the positive influence of the community-building
activities [6], and perhaps, the competitive incentives of the
Crowdlearning contests.

In summary, the described studies established that a majority
of college students were capable of posing quality problems on
specified subject topics after limited dedicated in-class instruc-
tion and with the offline advice provided by the instructors and
teaching assistants. This finding is in contrast to the experience
of Beal and Cohen who did a similar study with middle school
students and reported that the students demanded more flexi-
bility in choosing problem topics and required more guidance
[1], but in line with the experience of Mitros who observed



students in an online electronics course to competently cre-
ate quality problems. The Crowdlearning students were also
found to be particularly effective in contributing good problem
content when working in teams [13].

FUTURE RESEARCH AND USE AT SCALE
Connecting the Crowdlearning problem bank use with educa-
tional materials will allow learners to access these materials
with a purpose – to learn to solve problems of specific types
or clear specific misconceptions. In particular, Crowdlearning
can be used with e-learning tools. Its dissemination is likely
to snowball, as new adopters will be benefitting from all the
products (problems bank refinements) contributed by prior
adopters; moreover, the problems most helpful to learners will
be automatically recognized as such. Crowdlearning immedi-
ately opens possibilities for deeper learning in any field where
multiple-choice questions can be used for assessment, not lim-
ited to the university setting or STEM (e.g., it can be used for
SAT preparation). The Crowdlearning idea can be expanded
to the crowdsourced creation of study “cases” (to be used
in business and law), and later, perhaps to more open-ended
problem formulations (to be used in arts and education).

The future Crowdlearning platforms will benefit from the ad-
vances in intelligent tutoring systems to assign tasks to stu-
dents and guide problem generation in an organized, “smart”
manner. The machine learning and data mining algorithms can
help us understand how good problems tend to be created. ITS
can also be useful to explain the dynamics of knowledge ac-
quisition and identifying knowledge gaps [17], predict student
performance on not-yet-taken problems, identify optimal se-
quences of roles/activities to assign to each student, and direct
crowdsourced evaluation and refinement of new problems.

Future online learning platforms are primed to benefit from
the new ITS tools and Crowdlearning-specific algorithms, e.g.,
for enabling and improving organized problem assessment.
The authors of this paper also envision growing a community
of teachers and researchers interested in adopting and devel-
oping Crowdlearning. Such individuals can serve on voted-in
Editorial Boards of instructors who will oversee the formation
of publicly accessible problem banks in respective subjects.
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