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Abstract

Crowdsourcing is increasingly being applied in educational contexts to explore
the ideation and problem-solving capacity of large, networked groups. Research is
emerging on the use of crowdsourcing in education, yet little is known about how
the particular affordances of crowdsourcing platforms facilitate student learning.
This paper applies sociomaterial theory to analysing a case study of a crowdsourc-
ing experiment undertaken at the University of Sydney. It reflects on the crowd-
sourcing experiment as an assemblage of different relations, dynamics and mate-
rials, building on a recent typology for analysing social learning software through
a sociomaterial lens. We contribute to the growing discourse around sociomaterial
approaches by exploring how the material affordances of a unique online learning
environment participate to produce certain kinds of learning experiences. This sup-
ports future research into the potentialities of crowdsourcing pedagogies at a time
when increased online and blended learning brought about by the Covid-19 pan-
demic has galvanised educators’ interest in exploring different online environments
and approaches.

Keywords Crowdsourcing - Collective intelligence - Sociomateriality

Introduction

The rapid move to online teaching for many universities in 2020 precipitated by the
coronavirus (Covid-19) pandemic created opportunities for reconceiving the ways
we connect and learn online (Veletsianos and Houlden 2020; Lamb et al. 2022), as
well as highlighting challenges for remote learning and teaching (Czerniewicz et al.
2020). The context of increasing class sizes in the tertiary sector (Hornsby and Osman
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2014) compounds this challenge. During global lockdowns in 2020, many educators
were faced with the problem of managing large cohorts and classes online in ways
that promoted connection and engagement. Students were often geographically dis-
tributed and experiencing social isolation, while teachers were rapidly learning new
technical platforms to deliver learning.

In this context, the University of Sydney launched an online crowdsourcing
experiment, called ‘Future Makers’, to connect the large and dispersed student com-
munity to one another and to the university. With the physical spatiality of the uni-
versity inaccessible, the experiment aimed to create a novel online space where stu-
dents could explore themes related to the broader social context for their studies.
As an interdisciplinary extracurricular initiative open to all students in the school,
"Future Makers’ aimed to network learners together across subjects, disciplines and
program levels. Students who chose to participate were challenged to contribute and
collaborate online around the theme of ‘global, local and personal challenges’. The
theme was chosen to support informal learning (Downes 2017) as it aligns to core
curricular learning outcomes of critical thinking, problem-solving and collabora-
tion. The theme also supports the aim of using student contributions to *Future Mak-
ers’ to inform content and contexts for curriculum development. Along with offer-
ing students an innovative learning experience outside their formal classes where
they could debate global, local and personal challenges, the research team further
hoped to test the pedagogical potential of crowdsourcing for learning. Drawing on
a design-based research methodology, we aimed to understand the affordances of
crowdsourcing platforms to facilitate large, networked groups in problem-solving
and collaboration challenges.

Bringing the theoretical frame of ‘collective intelligence’ that underpins the
logic of crowdsourcing together with a ‘sociomaterial’ lens on education, our study
focuses on the research question, what are the affordances of online crowdsourc-
ing platforms for learning? To address this question through a sociomaterial lens,
we analyse digital material artefacts produced by the crowdsourcing platform. The
platform deployed in the *Future Makers’ case study was a commercial ‘ideas man-
agement’ tool called Crowdicity. While our analysis in this study focuses on the
Crowdicity platform, we see the findings as transferrable to other commercial or
DIY crowdsourcing platforms and potentially to other kinds of online communities
for learning.

Literature

The literature we bring together helps to develop two theoretical frames to address
our research question on the affordances of online crowdsourcing platforms for learn-
ing. Firstly, we introduce the concept of collective intelligence and the premise of the
‘wisdom of crowds’ that underpins the popularity of crowdsourcing approaches, both
in commercial innovation settings and, more recently, in education contexts. We then
introduce theory that supports a sociomaterial view of educational phenomena and
review some literature which offers specific frames through which to apply this theory
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to understanding the question of the affordances of crowdsourcing platforms in our
case study.

Crowdsourcing and Collective Intelligence

The rise of crowdsourcing is based on the premise of the ‘wisdom of crowds’
(Surowiecki 2004). The idea that some tasks can best be completed by large groups
working together, rather than by atomised individuals in hierarchical arrangements, is
informed by the concept of ‘collective intelligence’ (Levy 1997; Malone et al. 2009).
Malone et al. (2009) have analysed the ‘genome’ of collective intelligence to show how
in certain circumstances large groups can exhibit more intelligence than individuals
working separately. The authors discuss the importance of understanding the motiva-
tions and goals of a crowd to harness its intelligence, such as if the crowd is performing
a task to ‘decide’ or to ‘create’. Malone et al. categorise the task of deciding into indi-
vidual and group decisions, with the latter further broken down into methods of ‘vot-
ing, consensus, averaging, and prediction’ (7). The task of creating is delineated into
the methods of ‘collection’, ‘contest’, and ‘collaboration’ (14).

Following a survey of 51 initiatives in tertiary institutions, Jiang et al. (2018) offer
a definition of crowdsourcing for education (CfE) as ‘...a type of (a) online activity in
which (b) an educator, or an educational organization (c) proposes to a group of indi-
viduals via a flexible open call (d) to directly help learning or teaching’ (4). Nuancing
their definition, the authors establish a taxonomy of CfE by proposing four categories
that differentiate the purposes for which educators may employ an open online call.
They note CfE may be used to ‘create educational contents’, such as sourcing open text-
book content from a large group; to ‘provide practical experience’ by participating in a
relevant activity such as testing software; for ‘exchanging complimentary knowledge’,
such as swapping coding problems and solutions; and in ‘augmenting abundant feed-
back’, for example by sourcing a large range of critiques on creative work (Jiang et al.
2018: 7).

While this is a helpful taxonomy, further research is currently being undertaken by
the authors to more fully understand the extent to which different CfE applications are
designed to facilitate students’ lower or higher order cognitive processes. We believe
this will further support educators in appropriately tailoring their use of different kinds
of crowdsourcing pedagogies to desired learning outcomes or objectives. For example,
an educator may ‘crowdsource’ questions from a large cohort and encourage voting to
determine what will be addressed in a revision session. Despite this being a potentially
useful method to source questions, the crowdsourcing process in itself may be less of
a quality learning experience than if students also participated in creation tasks by pro-
viding solutions to each other’s problems (Farasat et al. 2017).

Sociomateriality of Learning
Recent education theory has seen a shift away from the humanist perspective of

teacher-led or even student-led learning to consider the range of different nonhu-
man forces at play in learning experiences. This ‘sociomaterial’ view of education,
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building on actor-network theory (Latour 2005; Fenwick and Edwards 2010) de-
centers the individual subject to consider how materials such as tools, technologies,
spaces and bodies participate in generating learning experiences. A focus on the
‘materiality of learning’ (Sgrensen 2009) calls for greater attention to be paid to
the physical materials of learning, suggesting their significance may be ignored or
underestimated in what Fenwick and Landri call ‘...a longterm educational focus on
the individual human subject’ (2012: 1). In this view, materials are not simply inert
tools to be used by teachers and learners to specific ends, rather they are lively act-
ants that participate in the generation of learning experiences. In such a conception,
any learning experience is always in the process of coming into being in uniquely
situated and particular assemblages. Sgrensen asks us to consider ‘...what practice
takes place when a particular arrangement of social and material components is
established’ (2009: 2). Further than simply considering social and material compo-
nents separately, this approach encourages a focus on the relations between humans
and nonhuman things, relations which are always in the process of forming and un-
forming in different ecological configurations.

A sociomaterial lens is appropriate for examining online crowds because the
premise of crowdsourcing similarly rests on de-centring the individual to elevate
the logic of the many. By emphasising materials in our research, we wonder how
the affordances of crowdsourcing platforms might influence and inform the behav-
iour of the crowd in a way that regards technology not as a tool used by humans to
achieve an intended outcome, but as an agent that is mutually imbricated and con-
stitutive with the social. The social and material or the sociomaterial suggests that
these elements constitute each other by participating mutually in bringing each other
into being. In seeking to understand affordances for learning in this context, we
acknowledge that there is a necessary entanglement across what is afforded by the
crowdsourcing platform, what is afforded by crowdsourcing as a pedagogy and the
concept of crowdsourcing itself. Our sociomaterial lens discourages us from disen-
tangling these elements, but rather calls for a particular focus on how the materials
of crowdsourcing, be they technological or other non-human aspects, form into and
with the social in complex assemblages.

Much sociomaterial analysis to date has focused on physical rather than digital
material. Tietjen et al. (2021) present a three-part framework for analysing innova-
tive physical learning spaces, noting that ‘[lJearning is not confined to classrooms,
but rather manifests itself as a complex phenomenon that develops across geogra-
phies and space-times’ (3). The authors’ sociomaterial analysis of physical space
can usefully be applied to an online space such as the crowdsourcing platform we
consider in this study. In a postdigital context (Jandric et al. 2022), we see the slip-
page of frames for analysing both physical and online learning spaces to create a
productive dialogue to intentionally complicate and cross-pollinate understandings
that are normalised in each respective domain.

We draw on research by Chtena (2015) that unpacks the sociomaterial aspects of
digital learning platforms through an analysis of Skype. Written in 2015, Chtena’s
reflections are prescient for the global move in 2020 to online teaching due to the
Covid-19 pandemic, which saw the elevation of video conferencing platforms such
as Zoom and Teams for learning. Chtena (2015) notes that:
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...studies of the materiality of digital and online learning need to [...] be
strongly engaged with the specifics about the different properties, representa-
tions, and constraints of educational platforms and applications (Chtena 2015: 668).

In supporting such engagement, Chtena (2015: 663) puts forward a useful typol-
ogy for the analysis of the affordances of online learning environments from a soci-
omaterial perspective by identifying four pertinent dimensions: ‘(1) Spatiality, (2)
Interface and Performativity, (3) Material Infrastructure, and (4) Liquid Knowledge’.
Considering the complex and entangled nature of sociomaterial approaches, we find
this typology useful in addressing our research question on affordances for learn-
ing because it allows us to break down the material aspects of the platform to iden-
tify how its qualities might enable or constrain various behaviours. Each element of
Chtena’s typology is unpacked in detail in the Findings section. In doing so, we
take up Chtena’s call to engage closely with the specific properties of online plat-
forms for learning in order to understand the sociomaterial relations they produce.

Methodology

The research team has employed Design-Based Research (DBR) as our methodology
to explore the affordances of crowdsourcing for learning. This approach to educa-
tional research seeks to bring iterative phases of learning and teaching developments
into productive dialogue with theory to distil sharable principles. This methodol-
ogy acknowledges the situated-ness of learning and teaching practice and provides
a framework for investigating pertinent questions through practice. In their paper
focusing on DBR in digital learning environments, Wang and Hannafin define the
approach as:

...a systematic but flexible methodology aimed to improve educational prac-
tices through iterative analysis, design, development, and implementation,
based on collaboration among researchers and practitioners in real-world
settings, and leading to contextually-sensitive design principles and theories
(2005: 6-7).

In our case, we investigate our research question through the practice of imple-
menting the crowdsourcing experiment. McKenney and Reeves’ model for DBR
breaks down implementation into three intersecting phases of exploration, con-
struction and evaluation, with data of different forms generated during each phase
(2018: 82). Learnings from the evaluation stage feed into future iterations of the
experiment. In our project, different data was collected across each stage. Meeting
notes and project management ephemera were created in the exploration phase.
In the construction phase, student-generated data was created by and captured
through the crowdsourcing platform, which was documented with screenshots,
screen recordings and by exporting text submissions and user data into a spread-
sheet. Finally, in the evaluation phase, data was gathered in the form of reflective
notes from the research team and student feedback was captured via a survey.
Approval to collect student data was given by the University’s Human Research
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Ethics Committee and students gave their consent by agreeing to the platform’s
terms and conditions when signing up to participate.

A common methodology used by sociomaterial researchers in education comes
from an ethnographic tradition of qualitative research, with a particular focus on
interview and observation methods. Sociomaterial researchers often use their
interviews and observations from the field to create stories that describe how
materials participate in educational phenomena (Fenwick and Edwards 2010). We
see DBR as a complementary methodology to sociomaterial approaches because
it is ‘contextually-sensitive’ and acknowledges the researchers’ own relational-
ity to their research. It seeks to open up relations between theory and practice,
between design, implementation and collaboration, and between complementary
methods. As Wang and Hannafin note:

...researchers manage research processes in collaboration with participants,
design and implement interventions systematically to refine and improve
initial designs, and ultimately seek to advance both pragmatic and theoreti-
cal aims affecting practice (2005: 6).

The design-based researcher does not occupy a separate or objective posi-
tion to their research, rather they are embroiled in the design-as-research process
along with other collaborators. While there is a strong focus on designerly think-
ing in DBR, we see that a sociomaterial lens can help emphasise the force of
materials to actively participate in design processes, along with designers, and
thus contribute to deepening the dimensions that make up the already multifac-
eted approach.

One of the key principles for undertaking DBR put forward by Wang and
Hannafin is to ‘analyze data immediately, continuously, and retrospectively’
(2005: 17). To bring this into relation with sociomaterial approaches requires a
balance between telling and showing material trajectories, with an emphasis on
the particular. Indeed, Fenwick and Landri note that in sociomaterial research,
‘...the local is all there is” (2012: 5).

Sociomaterial studies would be expected to show diverse material enact-
ments and the forms of knowledge they perform. (Fenwick and Landri 2012:
5)

While our team constantly observed the platform when managing the crowd-
sourcing community, we did not conduct face-to-face observation of individual
users in physical space, for example while they were on devices using the plat-
form. With over 1000 users interacting asynchronously at random times, imple-
menting this would pose a design challenge. Yet, we see this kind of physical
observation of embodied humans interacting with digital learning spaces as
a rich avenue for future research in the postdigital domain, as this would ena-
ble researchers to oscillate their analysis between a micro and a macro view,
potentially giving deeper insight into the relations between particular instances
of a system being performed by individual users and the whole system operat-
ing (Decuypere 2020). Observing the bodies of participants in physical space
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Fig. 1 Documentation of mapping digital material artefacts to five sociomaterial dimensions

would also give more of a sense of the affective and embodied dimensions of
any ‘online’ experience. In addition, we note that the collection of more backend
data and analytics from the platform would have been beneficial to give further
insights into specifically how the non-human components behaved. However, as
we wanted to limit the amount of student data collected for ethical and privacy
reasons, we were constrained in doing so within the scope of this study. We see
potential for innovative sociomaterial methodologies in future research that bring
together data analytics with qualitative approaches to perhaps create a kind of
data-driven ethnography.

Responses to our research question emerged most clearly from the evaluative
and reflective phases of our DBR process, where the research team analysed the
material artefacts produced by the crowdsourcing experiment and reflected on
the particular affordances of the platform in relation to the developing theoretical
frames outlined in the Literature section (Fig. 1).

Supporting the broader DBR methodology of the project, a systematic method
was employed for structuring the crowdsourcing experiment. ’Future Makers’ was
designed as a 9-week challenge commencing at the start of the teaching semes-
ter. The design of crowdsourcing initiatives in commercial or information sys-
tems contexts often employ stages to facilitate the crowd’s effective and efficient
completion of the task (Nassar and Karray 2019). In our educational context, we
structured the learning experience with two rounds comprising three overlapping
phases of ideation, refinement and voting. In conceptualising this student-led
model of learning, we built on the previous practice of part of the research team,
developed through an initiative to crowdsource the UK constitution undertaken at
the London School of Economics (Bryant 2015, 2018).

The first round was conceived as ‘problem-posing’, where students were asked:
‘What critical global, local or personal issue is impacting you?’ The second
round was conceived as ‘solution-finding’, where the top-voted issues from round
1 were refined into new questions and presented back to the community for their
solutions. Across the duration of the experiment, 1314 participants joined *Future
Makers’ and submitted 36 ideas, 151 votes, 126 comments and 5012 page views,
plus 1923 blog post views. Of the 36 idea submissions, 15 were submitted in the
problem-posing round and 21 in the solution-finding round.
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Student evaluation data was captured through a survey administered within the
platform in the final week of the crowdsourcing experience. The survey included
Likert scale questions on whether 'Future Makers’ allowed students to learn from
other students, whether it supported problem-solving and/or critical thinking skills,
and whether it helped students explore global, local and personal challenges. A fur-
ther open text question prompted students to give suggestions for improvements to
future iterations. The survey attracted n = 7 respondents. This low rate indicates that
many students may not have felt motivated to contribute feedback on the experience,
potentially due to the competing requests to contribute to the platform by submitting
ideas, voting or commenting. Considering the low response rate, only qualitative
survey data is included in this study. Student comments were analysed by an induc-
tive approach to derive themes, which were then mapped to the dimensions of the
typology described in the Findings section.

Findings

Here, we consider the digital material artefacts produced through the crowdsourcing
experiment by applying the dimensions of Chtena’s typology of spatiality; interface
and performativity; material infrastructure and liquid knowledge (2015: 663). We
also propose the addition of a fifth dimension of ‘temporality’ to extend Chtena’s
(2015) contribution.

The Crowdicity platform' used to host the crowdsourcing experiment has baked
in features and functionality that differentiate it from other online learning spaces.
While there are innumerable material aspects to the platform that could be detailed,
we focus on particular material trajectories pertinent to the questions we are ask-
ing about affordances for learning. Thus, we pay attention to material elements that
support our understanding of the platform’s spatiality, performativity, infrastructure,
temporality and the kinds of ‘liquid’ knowledge that may be produced. These digi-
tal material elements include the following: the challenge carousel, idea submission
cards, user profiles, the leaderboard, engagement icons, engagement statistics, activ-
ity feed, timestamps and status labels.

Spatiality

The spatiality of *Future Makers’ can be thought of as constituted through its user
interface (UI), which created an environment for the crowd to inhabit. Chtena (2015)
asserts, after Sgrensen and Lefebvre, that spatiality is always relational, produced in
the interactions between humans and things. For Chtena (2015):

! Unlike Skype, the subject of Chtena’s (2015) analysis, Crowdicity is customisable in terms of its visual
theme and choice of which features are activated for the end-user. At the time of writing, other popular
online applications for idea management-style crowdsourcing include the following: IdeaScale, Viima,
QMarkets, Idea Drop, Brightldea, and Hype.
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Welcome to Future
Makers

The world has changed post-covid. There are new
challenges, and new possibilities for change.

We want to know what critical global, local or
personal challenges are impacting you.

And then we want to solve them.
How can we build
ROUND 2 - SOLUTIONS

How can small and medium enterprises ...

ROUND 2 - SOLUTIONS

Submit a problem —— Top problems —— Submit a solution — Top solutions win
p
Tell us what global, local or personal progress to round 2 Contribute your ideas to solve the
challenges matter most to you Your top soted ssues rom the community's key issues
103 vote = Comment community move to the next round [ I(5 Vote =) Comment =

What you can win

We want to hear what students at the University
of Sydney Business School think are the critical
global, local and personal challenges of the
future.

The highest voted ideas will receive an online
industry networking session with key industry
partners.

Find out more about the structure of our
crowdsourcing challenge, and how it fits in with
the Work Live Play Learn 2.0 research study.

Fig.2 ’Future Makers’ home page

...the spatiality, or spatial materiality, of technologies like Skype, can be
unveiled by identifying and analyzing, for example, how spatial patterns of
relations are formed between humans and things, how geographies of educa-
tion and learning are produced through discourse and practice, and how spatial
identities are created through personalization and individualization of virtual
matter (664).

In "Future Makers’, the Ul visually communicated the crowd, the crowd’s task
and its progress. In conceptualising this online space, the research team wanted the
visual design of the UI to produce a different set of relations to those that students
might experience through their usual Learning Management System (LMS). The plat-
form was given a brand, ‘Future Makers’, and visual identity with a specific colour
palette (Fig. 2). Graphics were created to show the stages and structure of the crowd-
sourcing experience, supporting student wayfinding. These graphics were presented
on both the home page and a ‘How it works’ page, which contained instructions on
the structure and timing of the experiment, how to submit an idea and vote on oth-
ers’ ideas, and the rewards available.
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Welcome to Future
Makers

The world has changed post-covid. There are new
challenges, and new possibilities for change.

We want to know what critical global, local or
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And then we want to solve them.
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ROUND 2 - SOLUTIONS

How can the Business'School equip stud...

ROUND 2 - SOLUTIONS

Submit a problem —— Top problems —— Submit a solution — Top solutions win
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challenges matter most to you community’s key issues >4
Your top voted issues from the ==
I(5 vote & Comment community move to the next round 1’5 vote = Comment =

Fig.3 Challenge carousel

"Future Makers’ incorporated a range of functionality within the site’s Ul to vis-
ualise the crowdsourcing task. The questions being posed to the crowd were pre-
sented on the homepage via a dynamic challenge carousel (Fig. 3). The carousel
contained multiple challenges, each with a representative image, a text question
and a lightbulb icon to denote the number of ideas that had been submitted. The
automated rotation of the carousel communicated a lively spatiality that invited
further exploration. Once users clicked on a particular challenge in the carousel,
they could see the full challenge page with a grid of idea cards representing each
student submission (Fig. 4) to that challenge. These cards featured a key image,
title, idea description, a clickable link to the user profile of the participant who
submitted the idea, a timestamp with how long ago the idea was submitted and
icons with the number of votes and comments received.

Data from the feedback survey revealed students found the platform was ‘good
to collaborate [on] student’s idea[s], anyone can easily respond and comment’ and
that the ‘platform was designed well to share ideas’.

Along with visualising the task, the platform also visualised the crowd as a
network of peers through the ability for users to represent their online identity
by taking agency over their profile. ’Future Makers’ allowed participants to upload
a profile picture, display name and bio on a dedicated user profile page (Fig. 5).
Participants could subscribe to other users for a feed of their activity or tag them
when creating a submission if they wanted to collaborate. The user profiles
afforded a sense of personalisation within the platform, with some users taking
ownership over their profiles by customising details such as adding pictures and
bios. Somewhat paradoxically, the personalisation of individual user profiles also
supported the visualisation of the larger crowd, creating the sense of community.
For example, the platform included a static page called ‘People’ which showed a
grid layout of all user profiles within the crowd. Participants’ profile avatars also
appeared in on their submitted idea, comments and other UI elements such as the
leaderboard.
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Thank you! Thank you!
Progressing to Round 2 Linking ESG To
Economic Systemic Change
Measurement Environmental, Social and
COFBEH At GEVERS i sl
by by
1month ago 1month ago
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Fig.4 Idea cards of student submissions

Thank you!

Progressing to Round 2

Manufacturing in
Australia

Much of Australian
manufacturing shut down a
few years ago and according
to Prof. Roy Green of UTS "
The world’s best performing
economies tend to have
innovative and sophisticated
manufacturing sectors. In

by

1month ago

7

When asked about the benefits of being involved in ’Future Makers’, one student
comment revealed the value for them was in ‘[b]eing able to have a view you have

reached out to an audience’.

Interface and Performativity

If the spatiality of the UI is always relational, the relations are performed through
user interactions. Yet the affordances and constraints of the platform also perform
back to and with the users. Chtena (2015) draws closely on Drucker’s notion of

graceinata

r
Profile
it
it REPUTATION RANKING
, Australia Ranking Points
Joined on Oct 13, 2020 _]3 36
[¢]
Bio s -
Ideas Votes
@1 G4
Comments Followers
Qo &0
d ® Admin tools v

X

Follow View full profile

Fig.5 Profile page customised by a user
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Latest Top voted Random Most disc Leaderboard Newbies
7 Manufacturing in Australia 303
VOTES Posted in "What critical global, local or
personal challenge is impacting you?"
8 Economic Measurement 205
VOTES Posted in "What critical global, local or
personal challenge is impacting you?"
188
% Changing our economic
VOTES objectives ! 121
Posted in "How should we measure
success?”
95
2 Factor(f) ‘
VOTES Posted in "How do we innovate the
future of manufacturing?” 79
6 How could the small and
VOTES medium enterprises(SMEs) go 77

through a successful

ARSrRAtIGHD View leaderboard

Fig.6 Leaderboard and most discussed posts

performative materiality in bringing together the concepts of interface and perform-
ativity. This is based on Drucker’s argument that:

The materiality of the system, no matter how stable, bears only a probabilistic
relation to the event of production, which always occurs only in real time and
is distinct in each instance. (Drucker 2013 in Chtena 2015: 665)

Taking up this logic in the context of online education applications, Chtena
argues that the interface of a learning platform ‘exerts force’ and through its struc-
ture, it ... allows for the enactment of certain pedagogical activities and sequences
and not others...” (2015: 665).

The *Future Makers’ platform allowed for a range of interactions, from the ‘low
effort’ end of the spectrum, such as casting a vote, to ‘medium effort’ interactions,
such as making a comment on another’s post or customising a user profile, through
to the ‘high effort’ interaction of contributing an idea to one of the challenges. While
each user choosing to undertake any of these interactions is performing with and
through the platform’s interface, there were also features of the platform that aggre-
gated and ‘performed’ this engagement back to the crowd. Various gamification fea-
tures and functionality quantified and visualised different interactions, performing
a competition logic to motivate participation. For example, both the challenge car-
ousel and user-submitted idea cards displayed icons denoting the number of votes
and comments received. A leaderboard (Fig. 6) on the homepage also displayed a
list of individual users ranked in real-time by the points they had earned through
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interactions such as submitting an idea, commenting or voting. Next to the lead-
erboard was a feature to sort ideas by parameters such as ‘top voted’ or ‘most dis-
cussed’ (Fig. 6).

Such specific visual cues to quantify and communicate interactions of the crowd
help define the pedagogy of crowdsourcing as a goal-oriented experience where
gamification features reward higher levels of interaction to drive engagement with
the platform and, thus, the community.

Material Infrastructure

In theorising the material infrastructure of online learning platforms, Chtena draws
on Blanchette’s concept of ‘distributed materiality’ to remind us of the ‘invisible’
material elements such as hardware or backend computation that are necessary to
constitute any learning activity online. Chtena notes:

The notion of distributed materiality suggests that online learning software
[...]1s part of complex systems and are constituted across the network, storage
devices, protocols, and so forth that make up the set of conditions on which
they depend. (2015: 666)

This resonates with *Future Makers’ where participants were geographically dis-
tributed around the globe in locations as diverse as Aruba, Australia, Austria, Brazil,
Canada, China, Egypt, Fiji, Germany, Hong Kong India, Indonesia, Ireland, Japan,
Korea, Macao, Malaysia, Mexico, Netherlands, New Zealand, Russia, Singapore,
South Africa, Sri Lanka, Taiwan, Thailand, United Arab Emirates, UK, USA, and
Vietnam. Considering the varying national telecommunications infrastructure across
these locales, let alone the different personal material circumstances of the over
1200 participants in various cities and communities, each with differing devices, it
is apparent that while a crowdsourcing platform may display a slick and consistent
online interface, there is fundamental unevenness to the infrastructure that physi-
cally delivers that interface to end users and, thus, an unavoidable unevenness in the
experiences that are facilitated in the process.

Chtena (2015) reminds us that:

A material perspective encourages us to expand our understanding of the types
of constraints a certain technology [...] imposes, but also the types of knowl-
edge transfer and production it enables. (Chtena 2015: 666)

Paying attention to such ‘invisible’ materialities (Pinch 2010; Mathisen and Nerland
2012) as the infrastructure systems that support online learning platforms also raises
the question of the ‘invisible’ social structures that underlie learning environments.
Indeed, in developing their ‘space—time-feedback’ frame for sociomaterial analysis of
physical learning spaces, Tietjen et al. note the importance of zooming out to a macro
level to consider how ‘...history, culture, and community [...] come together to impact
pedagogical practice’ (2021: 9). Based on the theoretical framing of ‘community intel-
ligence’ discussed in the Literature section, we would expect that, through the logic
of the crowd, the best ideas would rise to the top and that the community’s top-voted

@ Springer



742 Postdigital Science and Education (2022) 4:729-752

ideas would thus democratically reflect the community as a whole. Yet upon seeing
the crowdsourcing results at the end of the experiment, the research team was sur-
prised by the lack of diversity of students who had made winning submissions, par-
ticularly in terms of gender representation. Despite 8 of the 21 ideas in the second
round being submitted by female participants, all four of the winning ideas, as well as
the user with most overall points on the Leaderboard, were male. Furthermore, 6 of
the 7 top participants on the leaderboard were male.

Contextualising this finding is the reprisal of the gender inequality of contribu-
tors to Wikipedia, an early application of crowdsourcing. Despite being lauded as
the world’s largest collaborative community open to contributions from anyone, a
2010 study by Glott et al. revealed that around 90% of Wikipedia editors were male.
Hargittai and Shaw (2015) investigated the gender inequity in Wikipedia and found a
correlation between Internet skills and contributors, where men were more likely to
have higher Internet skills and thus to contribute to Wikipedia. This digital inequal-
ity research shows how structural inequity in the offline world can be reproduced
in online forums. From analysing the nature of the winning contributions to ’Future
Makers’, the authors can speculate that there was a higher level of digital literacy
amongst the top-voted contributors. These winners tended to have made more exten-
sive submissions with the inclusion of supporting media such as images, demon-
strating more advanced digital literacy. Their written descriptions also tended to be
more persuasive in nature, showing higher general literacy. Some of the winners
had added profile pictures to their accounts, indicating an awareness of managing
their online presence, which also speaks to their digital literacy. While these specu-
lations cannot explain the gender skew evident in the crowdsourcing results, they
raise important questions for future research. As only limited demographic data was
collected during the study to curtail the amount of personal student data recorded for
ethical reasons, potential cultural or disciplinary imbalances may also have existed
and understanding these is also a potential area for future research.

The gender skew we observed problematises the assumption that just because
‘anybody can participate’ in an open-call style crowdsourcing experience, does not
mean that everyone will, or that everyone is materially afforded an equal basis to
participate, considering underling structural inequalities in the society where learn-
ers are situated. This creates implications around equity, inclusiveness and diversity
for crowdsourcing pedagogy. In their survey of crowdsourcing for education, Jiang
et al. (2018) note that:

...although online crowds have the potential to shape innovation education,
they can also be inconsistent and undereducated. [...] Invalid, inaccurate, or
biased contribution is to be concerned. [...] Another concern is the reinforce-
ment of homogeneity. On the contribution side, online information may come
only from dominant voices [...] and fail to accommodate a wider range of
opinion. (Jiang et al. 2018: 11)

The findings of a gender skew in top-voted submissions to *Future Makers’ show
that despite efforts to design platforms for democratic participation, equal or fair
representation cannot simply be assumed. Rather, the logic of the crowd or its ‘intel-
ligence’ may replicate prevailing material conditions in the society at large. From
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a material perspective, this prompts us to reflect on how nonhuman aspects of the
platform itself may thus also participate to reinforce social power structures unless
there are specific design interventions made to circumvent this.

Some of the student feedback suggested that more scaffolding around how to
engage with the crowdsourcing process would have incentivised more contributions.
Specifically, when asked for suggestions on how to improve the overall experience,
multiple students mentioned requiring more guidance, with one student comment-
ing that they, ‘...would love to be involved next year, esp[ecially] if I could find out
earlier about how to get involved, and what constitutes an idea worth submitting/
how to lay it out...’. Echoing this, a student suggested, ‘...maybe even a style guide
of what constitutes an idea...” and another student desired, °...something that shows
me how to submit an idea. Like a 10 min video about what’s an idea, and how to
approach it and all’. This feedback demonstrates how when designing new kinds of
learning environments, students may require support with digital literacy to navigate
the particularities of those environments and that equal literacy amongst users can-
not be assumed. In problematising assumptions around student engagement in post-
pandemic remote education settings, Boys remind us that by examining everyday
educational practices, we can see how:

...the encounters, space, time and technologies of higher education are already
differentially distributed and how underlying discriminatory patterns are cur-
rently being ignored, challenged or reframed (Boys 2022: 28).

In the case of crowdsourcing, we see how differently distributed material infra-
structures (physical and social) may create limitations around who actively partici-
pates and which solutions rise to the top.

Temporality

While intuitively time may seem an immaterial aspect to educational practice,
Serensen notes that time is not simply a natural background or ‘stable context’
(2007: 18) for learning. Thinking of time within learning experiences not as linear
and objective but as part of relational assemblages participating along with other
forces, we open up a conversation about the different temporalities engendered by
and through different online learning environments. The temporality of the crowd-
sourcing platform is characterised by its goal-oriented and time-bound nature. The
crowd has a task to complete and a timeframe to do it in. In our study, the duration
given to the crowd to complete the task was 9 weeks. Some crowdsourcing chal-
lenges may have shorter durations, drawing on a ‘hackathon’ approach where time-
pressure is used to catalyse creativity. Others may be designed to unfold over a long
duration due to the scope of the undertaking (Karachiwalla and Pinkow 2021). We
chose 9 weeks to give enough time to recruit the crowd and allow a level of depth
in the participants’ conception of their submissions, without the timeframe being so
long that participants would feel like the experience was dragging, and thus demoti-
vate participation. Participants were encouraged via email communication to make
repeat visits to the platform across the 9 weeks. Strategies to drive engagement over
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Round 1 ideas with total votes and comments over time

Fig.7 Round 1 votes and comments over time

that time included a planned email communications schedule to update participants
on where the crowd was up to in the challenge, for example by promoting that there
was only 1 week left to submit ideas or to cast a vote. This was supplemented by
system notifications that were automatically triggered by various interactions within
the platform, for example if a submission received a vote or comment, the contribu-
tor would be alerted via email.

Time Skew

During round 1 of the experiment, the research team noticed that ideas submitted
earlier tended to receive more votes (Fig. 7). For example, the top voted idea in
round 1 was also the first idea submitted. This contribution had 4 weeks of expo-
sure to potential votes, whereas the final four ideas for round 1 submitted in the
fourth week had only a few days exposure and did not receive any votes. In round 2,
the research team made the decision to release the challenges weekly rather than at
the beginning. This weekly communication became a strategy to drive repeat visits
to the platform, resulting in a more even spread of voting and commenting peaks
across time in round 2 (Fig. 8), although the final challenge released did not gain any
submissions.

Round 2 deas with total votes and comments over time

Fig. 8 Round 2 votes and comments over time
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Fig.9 Activity feed on home
page
Activity

posted the idea
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has voted on
"Electric Vehicles as a Future
Greener Transportation Method"

5 days ago

has voted on
"Advanced Manufacturing in
Australia for Global Markets”

5 days ago

has voted on
"Changing our economic
objectives”

The platform featured specific affordances to emphasise the dynamic temporal-
ity of the experience, with various Ul elements changing based on different user
inputs. For example, a panel on the front page showed an activity feed (Fig. 8) of
the latest ideas, votes and comments. This feed was timestamped, so that users
could see, for example that a vote had been cast ‘5 days ago’. The dynamic tem-
porality of certain elements supported the gamification of the experience, for
example the movement of top participants up the leaderboard as they earned more
points from interactions. The platform allowed for moderators to apply status
labels to challenges and ideas to denote changes, for example that a challenge had
closed for submissions (Fig. 9), or that an idea had progressed to the next round.
Thus, certain features of the platform would change states based on user input
and would appear differently across the 9-week duration. Along with the UI ele-
ments, the challenges being posed to the crowd changed based on user input. For
example, the challenges in the second round were drawn from the contributions
and votes of participants in the first round. Thus, the dynamics of crowdsourc-
ing’s temporality are emergent, rather than fixed, as outputs in both the UI and
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Fig. 10 Challenge cards with ‘Closed’ status labels applied

the structure of the experience itself are responsive to ongoing participant inputs
(Fig. 10).

Liquid Knowledge

The *Future Makers’ crowdsourcing platform is characterised by a particular spatial-
ity and temporality that differentiates it from other online learning spaces. The spa-
tiality of the platform participates in the crowdsourcing process by visualising the
crowd, the task and the crowd’s progress. The interface, with its particular assem-
blage of UI components, allows users to perform a gamified task as a crowd, and the
UI also performs the gamification and the crowd back to itself. The temporality of
the platform is characterised by emergent dynamics where outputs are responsive to
a range of changing and, at times, unexpected, inputs.

Discussing innovative physical environments for learning, Tietjen et al. note that:

...learning spaces which move away from a traditional professor-centric spa-
tial layout yield positive impacts on learning... (2021: 2).

We can say that crowdsourcing is similarly student-centric as it is driven by the
crowd dynamics, rather than the teacher. All the main content (idea submissions and
comments) on "Future Makers® was student-generated. Some supporting content was
contributed by academics, but this was housed on the platform’s blog, which also
included industry and student contributions. In some instances, student comments
on their peers’ ideas were extensive, especially considering their engagement was
extracurricular (Fig. 11). This appetite for peer discourse and collaboration reveals
the relational potential of the forms of knowledge produced.

From our perspective as the moderators of the crowdsourcing challenge,
despite planning and design, the behaviour of the crowd was difficult to predict,
and having the flexibility to adapt different strategies to managing the crowd was
necessary. As moderators, we regularly found ourselves making design decisions
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Fig. 11 Extensive student
discussion in comments on an
idea submission about economic
measurement
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on the fly to respond to the dynamics of the crowd. For example, adding new con-
tent to the platform in the form of blog posts or videos to incentivise repeat visits
and keep the crowd motivated to engage.
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Chtena shows how:

Liquid knowledge does not make available a stable reality, standard or model
that can be referenced. Human and nonhuman entities come together, continu-
ally transforming their relations. (2015: 667)

Our analysis of the material characteristics of crowdsourcing position is not as
a fixed or representational mode of knowledge transfer, but as a mutable, dynamic
learning experience responsive to changing and oftentimes unpredictable behaviours
and inputs.

When asked about specific benefits of participating in the crowdsourcing experi-
ment, feedback from students included comments that they benefited from ‘[k]
nowing about other student’s idea[s] which [...] could open [their] mind in solv-
ing [a] certain problem’ and that the experience ‘[i]Jmproves critical thinking skills’
and encouraged them to ‘...look into topics [they weren’t] familiar with.” A student
noted that the experience ‘[b]roadened [their] perspective, especially when thinking
about key issues such as Climate Change’. Another student commented that partici-
pating ‘promoted important discourse and critical thinking’.

The kind of crowdsourcing represented in this study can thus be thought of as a
gamified online community with a collective, time-bound task. While the gamified
structure rewards a small number of top solutions, the value is communal as the
platform affords a shared experience. Students were asked to consider a problem and
offer a solution in the context of a self-selecting community. Many comments made
on submissions were lengthy and insightful. For those who made low effort interac-
tions such as voting, there was still an imperative to reflect and evaluate to make a
choice on behalf of a community. Similarly in *Future Makers’, it was not in the col-
lection of contributions that defined the affordances of crowdsourcing for learning
but in the sharing of ideas and feedback within a responsive platform.

Gesturing towards an ethics of the sociomaterial, Mulcahy asserts that ‘...think-
ing pedagogy as an assemblage affords a sense of collective responsibility’ (2012:
21). Similarly, crowdsourcing can be thought of as a pedagogy of assemblage —
it is by definition made up of an ad hoc crowd which forms together, constituted
and re-constituted through emergent technical and social relations. Its ethos elevates
the logic of the many over a focus on the individual. At its best, crowdsourcing in
education has potential to be a kind of online learning community where, similarly,
responsibility and sociality is enacted collectively.

Conclusion

In this study, we have sought to understand the affordances of crowdsourcing
for learning as the approach becomes more popular in education. A sociomate-
rial lens asks for more attention to be paid to how materials participate in learn-
ing experiences and how these exert force with and through social relations. We
have closely analysed pertinent material artefacts from the crowdsourcing plat-
form. The digital materials generated in and through the technology are the social
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in a postdigital context. The social is constituted through the platform and the
artefacts are the remains of what the bodies of learners have left behind from
gathering together without ever meeting, relations both ‘biological and informa-
tional’ (Jandri¢ et al. 2018: 895). For our research team and as educators work-
ing remotely and teaching online during the pandemic, all social encounters with
students were technologically mediated. At a time where technical platforms
are becoming more central to how we come together to learn, it is imperative to
understand their influence in producing different kinds of knowledge. Chtena’s
(2015) dimensions of spatiality, interface performativity, material infrastructure
and liquid knowledge, to which we have added a consideration of temporality,
come together themselves as an assemblage with overlapping and mutually con-
stituting elements that allow for a nuanced application of the sociomaterial lens
to online learning.

[Together]...these approaches help us analyze online learning processes as dis-
tributed, relational, performative, and yet very much dependent on the material
conditions that give them being. (Chtena 2015: 668)

Bringing the frames of the materiality of learning together with the concept of
collective intelligence that underpins crowdsourcing, we argue that any ‘intelli-
gence’ generated through crowdsourcing lies not just in the collection of separate
users and individual contributions, but in how they assemble together relationally
with and through a material system, whose aspects range from software to infra-
structure, to affects, to policy, to bodies, to institutional culture.

A traditional lecture theatre with fixed seats all facing an elevated presenter at the
front physically affords a certain kind of pedagogy. It may be possible for an expe-
rienced educator to circumvent this, but they would be operating against the force
that the space is exerting on everyone in that room. Conversely, innovative learn-
ing spaces with modular and reconfigurable design elements have been shown to
support different kinds of pedagogies based on more active learning principles that
can positively impact student learning outcomes (Tietjen et al. 2021). A material
perspective helps us to consider how online learning platforms similarly exert force
and enable or constrain different pedagogies. A close examination of the material
elements of an innovative online learning platform, such as 'Future Makers’, allows
for insight into how technical relations participate along with social relations in pro-
ducing specific learning experiences.

With increased online and blended learning in the tertiary sector brought about
by the Covid-19 pandemic, we assert a need for educators to better understand
how different online spaces produce different kinds of learning. We need to ensure
we experiment with innovative online learning spaces in higher education, and also
to closely understand their impact. University administration structures mean we
have large groups of students atomised across different units of study, disciplines
and programs. This disconnection is exacerbated by physical lockdowns where inci-
dental encounters on campus are not possible. We suggest crowdsourcing communi-
ties accessible to all students within an institution may help break down those silos
by generating connection and dialogue based on a desire to contribute to a com-
munal undertaking. Perhaps such a platform could be thought of as a digital skin,
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transparently binding a university collective together where the institutional struc-
tures and bureaucratic systems tend towards delineating individuals.
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