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Preface

The increasing availability of digital platforms, artificial intelligence, and networked
communication technologies has transformed how individuals and organizations
collaborate. In this evolving digital ecosystem, crowdsourcing has emerged as a
powerful mechanism for collective intelligence, enabling distributed communities to
contribute knowledge, creativity, and expertise to address complex challenges.
Crowdsourcing platforms have become central to innovation across industries,
research environments, and the public sector, enabling organizations to harness
global participation and collaborative problem-solving.

This edited volume, Crowdsourcing — Innovations in Digital Collaboration, brings
together interdisciplinary perspectives that explore the evolving landscape of
crowdsourcing and its role in shaping digital collaboration. The contributions
examine theoretical foundations, technological developments, and practical appli-
cations of crowdsourcing across multiple domains, including artificial intelligence,
digital innovation, education, entrepreneurship, and global research collaboration.
Collectively, the chapters highlight how crowdsourcing has evolved from a simple
task-distribution model into a sophisticated socio-technical system that integrates
human intelligence, algorithmic systems, and digital platforms.

The book is organized into two thematic sections that explore the challenges,
opportunities, and emerging practices of crowdsourcing and digital collaboration.

The first section, Crowdsourcing Innovation and Challenges, examines foundational
concepts, emerging technologies, and key issues shaping the contemporary crowd-
sourcing ecosystem. The chapter “Empowering the Crowd: Measuring the Impact of
Al-Driven Tools on Crowdwork” explores how artificial intelligence tools are
transforming crowdwork environments by improving task coordination, produc-
tivity, and decision support. The chapter “Mapping the Collaboration between
Crowdsourcing and Large Language Models: A Fine-Grained Survey” examines the
intersection of crowdsourcing systems and large language models, offering insights
into how Al technologies shape collaborative knowledge generation and digital work
practices.

The chapter “Strategic Crowdsourcing: Frameworks, Challenges, and Impact in the
Digital Economy” explores strategic approaches to implementing crowdsourcing
initiatives, emphasizing frameworks that foster innovation and value creation in
digital economies. In “The ComplexHub: Collaboration to Create and Disseminate
Open Resources for Complex and Computational Thinking”, the authors introduce a
collaborative project that encourages open educational resources and computational
thinking through crowdsourced input. The final chapter of this section,
“Crowdsourcing and the Creation of a Historical Reference Tool”, illustrates how
crowdsourcing can aid digital humanities projects and historical research by
facilitating collaborative knowledge development in archives.



The second section, Crowdsourcing and Digital Collaboration, examines how crowd-
sourcing is applied within wider socio-economic and institutional settings. The
chapter “A Study on Theories and Methods of Distributed Cognition-Driven
Intelligent Design for Crowdsourced Products” presents theoretical ideas demon-
strating how shared thinking and collective intelligence can improve the design and
creation of crowdsourced products.

The chapter “Perspective Chapter: Crowdsourcing — Innovations in Digital
Collaboration in Africa” explores how crowdsourcing promotes digital innovation and
collaborative ecosystems within African settings. In “The Impact of Project
Characteristics on Online Crowdfunding Effectiveness and Its Potential Mechanisms”,
the authors examine how project features affect the success of crowdfunding ventures
and the mechanisms that encourage collaborative participation in online funding
platforms.

The chapter “Crowdsourcing Career — Current Research on Career in a Boundaryless
Field” examines emerging career trends in the crowdsourcing economy, emphasizing
how digital labor markets transform professional development and employment
opportunities. The final chapter, “Digital Bridges: Enabling Cross-Border Research
Collaboration in Southern African Universities,” looks into how digital platforms and
collaborative tools facilitate international research partnerships and knowledge
exchange among universities.

Collectively, the chapters show the increasing importance of crowdsourcing as a key
infrastructure for digital collaboration, innovation, and knowledge creation. By
bringing together perspectives from technology, management, education, and global
development, this volume offers valuable insights for researchers, practitioners, and
policymakers seeking to understand how collaborative digital ecosystems can foster
innovation and address complex societal issues.

The editor gratefully acknowledges the contributing authors for their valuable
research and contributions and thanks the publishing team for their support
throughout the development of this volume.

Kyeong Kang
University of Technology,
Sydney, Australia
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Chapter 1

Empowering the Crowd:
Measuring the Impact of AI-Driven
Tools on Crowdwork

Carlos Toxtli and Cecilia Delgado Solorzano

Abstract

Crowdsourcing platforms employ millions of workers worldwide to complete
microtasks that fuel machine-learning pipelines, moderate user-generated content,
and accelerate scientific discovery. The rapid ascent of large language models and
other foundation models has shifted research attention from automation instead of
humans to augmentation alongside humans. This chapter addresses a central
challenge in this new landscape: understanding how, how much, and for whom Al-
driven tools truly empower crowdworkers. We synthesize insights from a diverse
body of empirical studies — spanning randomized lab experiments, field A/B tests,
trace-log meta-analyses, and qualitative user studies — to evaluate the impact of Al on
crowdwork. To structure this analysis, we introduce a multidimensional
empowerment framework grounded in psychological and economic theory, focusing
on five key dimensions: productivity and earnings, quality and reliability, learning
and skill development, agency and autonomy, and well-being and inclusion. Our
review of the evidence reveals a dual-edged reality: while Al assistance offers
significant productivity gains, error reductions, and improvements in worker self-
efficacy, it also introduces substantial risks, including automation bias, cultural
exclusion, wage depression, and unequal access to tools. By distilling these findings,
we formulate eight concrete design principles for creating more equitable and
effective human-AI augmentation systems. The chapter concludes by outlining
a forward-looking research agenda that treats crowdworkers not as replaceable cogs
but as essential partners in designing the future of socio-technical systems.

Keywords: crowdsourcing, microtasks, human—AI collaboration, productivity,
quality assurance, worker agency, learning, cultural inclusion, ethical design,
algorithmic management

1. Introduction

In little more than a decade, online crowdsourcing has transformed from an
experimental curiosity into a critical component of the global digital economy.
Marketplaces such as Amazon Mechanical Turk (MTurk), Appen, and Toloka

distribute millions of microtasks each day, ranging from image annotation to content
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moderation [1, 2]. Early research often portrayed this workforce as an
interchangeable pool of “human computation” units [3]. However, subsequent work
revealed a diverse population of skilled workers navigating precarious conditions,
including low wages and the burden of significant unpaid “invisible labor” [4-7].

This landscape is now being fundamentally reshaped by artificial intelligence
(AI). The emergence of powerful large language models (LLMs) such as GPT has
created what many call the “Al Disruption” [8]. These models can perform many
text-based crowdwork tasks at a fraction of the cost and time, often with higher
accuracy than human workers [9, 10]. This technological shift has sparked a critical
debate: Should Al be used to replace the human crowd, or can it be designed to
empower them? This chapter argues for empowerment but recognizes that it is not
an automatic outcome of technological progress.

A significant gap exists in our understanding of how Al tools are impacting the
complex socio-technical system of crowdwork from the worker’s perspective. While
many studies focus on the technical capabilities of Al, this chapter synthesizes
empirical evidence to answer the core human—computer interaction questions: How,
how much, and for whom do Al-driven tools empower crowdworkers? We define
empowerment as the use of intelligent tools that make labor faster, more accurate,
more meaningful, and better remunerated, without eroding worker agency or
exacerbating existing power imbalances.

To provide a structured answer, we analyze the impact of Al through
a multidimensional framework, examining its effects on worker productivity, work
quality, skill development, autonomy, and well-being. These dimensions are
chosen for their direct relevance to established theories of motivation and fairness,
such as self-determination theory (SDT)’s emphasis on autonomy and competence
[11], and are critical for a holistic assessment of technology’s role in a precarious
labor market.

While there is fast-growing work on model capabilities and platform governance,
three gaps persist. First, we lack a unified account of how different forms of Al
assistance shape worker outcomes beyond accuracy - particularly wages, agency,
and well-being. Second, most evaluations treat “crowdworkers” as homogeneous,
obscuring cross-cultural differences and unequal access to tools. Third, design
recommendations often focus on requesters or platforms, leaving under-specified
what empowering assistance should look like inside task interfaces.

The five axes we adopt — productivity and earnings; quality and reliability; learning
and skill development; agency and decision autonomy; and well-being and inclusion —
map directly to established motivation and justice theories (e.g., SDT, Equity Theory)
and to the lived concerns reported by workers in prior studies (e.g., invisible labor,
reputation risk, and stress). Framing empowerment along these axes ensures we
evaluate Al not only for speed and accuracy but also for dignity, fairness, and longer-
term trajectories.

This chapter contributes: (1) a theory-grounded empowerment framework
tailored to crowdwork; (2) a synthesis of empirical evidence across lab, field, trace-
log, and qualitative methods; (3) a deeper economic analysis connecting Al-driven
productivity to real wages under invisible labor and price-pressure; (4) actionable
mitigations for automation bias, unequal access, and cultural mismatch; and (5)
concrete policy and governance recommendations for platforms, requesters, and
regulators. We proceed as follows: Section 2 situates crowd-Al integration
historically and theoretically; Section 3 justifies our mixed-methods approach;
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Section 4 integrates evidence along the five outcome clusters; Section 5 illustrates
three empowering systems; Section 6 analyzes risks and adds practical mitigations;
Section 7 distills design principles; Section 8 outlines policy and governance
implications; and Sections 9 and 10 close with open questions and a human-
centered agenda.

2. Historical background and theoretical framing
2.1 Three phases of crowd-AlI integration

The relationship between crowdwork and Al has evolved through three
overlapping phases, each characterized by a different model of collaboration.

Phase 1 (2008-2013): Micro-automation. The first generation of hybrid systems
used narrow Al primarily for quality control and workflow optimization. In this
model, human intelligence was the core resource, with Al in a supporting role.
Classic examples include Soylent’s “Find-Fix-Verify” pipeline, which blended
natural language processing (NLP) heuristics with worker vetting to improve
document editing, and systems that used majority voting or expectation-
maximization algorithms to aggregate noisy labels from multiple workers [3, 12].
Productivity improved, but the AI was task-specific, and the workers remained
largely invisible behind the interface.

Phase 2 (2014-2019): Workflow orchestration. The next phase saw the rise of
more sophisticated platforms that used AI to manage and orchestrate complex
workflows. Tools such as Turkomatic [13] and CrowdWeaver [14] introduced
dynamic task routing and real-time control over the labor process. Automation here
focused on coordination — decomposing large problems and distributing microtasks to
the right workers at the right time. The Al acted as a manager or an assembly-line
foreman, while high-level judgment still resided primarily with humans. This period
also saw the development of tools designed to promote fairness, such as auditing
employer reviews [15].

Phase 3 (2020-present): Model-centric co-creation. The advent of powerful
foundation models, particularly LLMs, marks the current phase. The boundary
between human and machine contributions has blurred, as studies show a significant
percentage of crowdworkers now use tools like ChatGPT to assist with their tasks,
often without disclosure [16, 17]. This emergent, bottom-up integration has created
a new dynamic. Requesters are attempting to prevent LLM use through technical
hurdles or instructions, while simultaneously new tasks are emerging that ask
workers to detect Al-generated content [16, 17]. Researchers are also actively
embedding model suggestions directly into task interfaces, creating co-creative
environments where the goal is no longer to prevent Al use but to leverage it
effectively [18, 19]. This new paradigm raises profound questions about authorship,
trust, bias, and fair compensation.

2.2 A multidimensional empowerment framework
To structure our analysis, we operationalize crowdworker empowerment along

five key axes, drawing on organizational psychology [20] and foundational theories
such as SDT [11] and equity theory [21].
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(1) Productivity and earnings: This is the most direct measure of economic
empowerment, including task completion speed and effective hourly
wage. This must account for “invisible labor” — unpaid time spent
searching for tasks or resolving disputes, which can consume over 30% of
a worker’s time and depress real earnings [6, 7].

(2) Quality and reliability: High-quality work leads to better reputations and
access to more lucrative tasks. AI can empower workers by helping them
produce more accurate outputs, but this can come at the cost of response
diversity, as Al-generated answers are often more homogeneous [16].

(3) Learning and skill development: Sustainable careers require continuous
learning. Empowerment in this dimension means providing workers with
opportunities to acquire new, transferable skills, moving them beyond
repetitive microtasks toward more fulfilling work [22, 23].

(4) Agency and decision autonomy: This reflects the psychological need for
self-determination. An empowered worker has control over their labor
process, including the ability to accept, edit, or reject Al suggestions, and
contest unfair algorithmic decisions [24].

(5) Well-being and inclusion: This encompasses the worker’s subjective
experience, including job satisfaction, stress levels, and feelings of fairness
and dignity. Empowering systems must be designed to accommodate
diverse work practices and cultural backgrounds to avoid disadvantaging
non-Western workers [25, 26].

3. Empirical approaches to measuring impact

The impact of Al on crowdworker empowerment is an empirical question, and
researchers have developed a portfolio of methods to answer it. The choice of
method involves a trade-off between causal inference, ecological validity, and scale.
These strategies are summarized in Table 1 and detailed below.

Each method provides a different lens on the problem. Controlled lab
experiments are ideal for testing the direct causal effects of a specific Al feature.
For example, a researcher could randomize workers into groups with and without
an Al-powered grammar checker to precisely measure its effect on speed and
accuracy for a writing task [16]. Field A/B tests offer greater realism by deploying
new Al tools to a subset of a platform’s actual user base. For instance, the CultureFit
system was tested in a field study on the Toloka platform to measure its real-world
impact on worker earnings across different cultures [25]. Trace-log analytics
involve analyzing large, pre-existing datasets of worker activity to identify
patterns at scale, such as correlating copy-paste actions with potential LLM use
[16]. Finally, qualitative methods like surveys and interviews are crucial for
understanding the human experience - for instance, exploring workers’ moral or
ethical reasoning about when it is appropriate to use Al assistance [17]. By
combining these methods, researchers can build a more robust and nuanced
understanding of AI’s impact.
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Method Strengths in crowdwork context Limitations in crowdwork context

Controlled Establishes strong causality (e.g., isolating the =~ Low ecological validity (tasks may be artifi-

lab experi- effect of an AI’s explanation style). Allows for  cial). Short duration may miss long-term

ments fine-grained measurement of behavior and learning or fatigue effects. Small, potentially
cognitive load. less diverse samples.

Field A/B High ecological validity, as they are conducted  Requires significant engineering resources and

tests with real workers on live platforms. They can  partnership with a platform operator. It is
measure impact at scale over longer durations.  difficult to control for all confounding

variables in a live environment.
Trace-log Enables large-scale, retrospective analysis of ~ Data can be noisy and incomplete. It is diffi-
analytics emergent behaviors (e.g., organic Al cult to establish causality (correlation is not

adoption) using real-world platform data.
Low-cost and non-intrusive.

causation), and it raises potential privacy
concerns.

Surveys and

Provides rich qualitative insights into worker

Prone to self-report bias. Findings may not

interviews motivations, strategies, and subjective generalize if samples are small or not repre-
experiences (the “why” behind the data), sentative. Cannot establish causality.
essential for understanding concepts like trust
and agency.
Table 1.

Empirical strategies for evaluating AI empowerment in crowdwork, outlining the primary strengths and
limitations of each approach within this context.

3.1 Why these methods are in crowdwork?

Crowdwork is a high-variance, multi-actor setting where outcomes depend on
requesters, platforms, tasks, and worker strategies. Our mixed-methods portfolio is

intentional:

e Controlled experiments isolate specific interface or model features (e.g.,
explanation style) to establish causality when platform noise would otherwise
swamp small effects.

e Field A/B tests capture ecological validity and longer-run dynamics (learning,
strategic adaptation), which are crucial when assistance changes both behavior
and marketplace prices.

* Trace-log analytics surface emergent practices at scale (e.g., organic
LLM uptake), enabling fairness and drift audits without interrupting
workers.

e Surveys/interviews uncover the “why” (trust, agency, stigma around Al use)
that outcome metrics alone miss.

Limitations are complementary: Labs risk artificiality; field tests face
confounds and engineering costs; logs challenge causal inference; and interviews
risk self-report bias. Taken together, triangulation increases validity and
supports reproducibility by pairing controlled estimates with in-the-wild
observations.
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4. Results: Evidence across five outcome clusters

Synthesizing findings from across these methodologies, a clear picture emerges of
AT’s dual impact on crowdwork. Artificial intelligence tools can be powerful
enablers, but their benefits are not automatic and depend heavily on their design and
implementation.

4.1 Productivity and earnings

Artificial intelligence augmentation consistently and significantly reduces task
completion time. Studies find that Al can be orders of magnitude faster and cheaper
than human labor for certain tasks. An Al-based system, “AITurk,” was estimated to
be 1,440 times faster and 30 times cheaper than using human participants on MTurk
for social science experiments [10]. For text annotation, ChatGPT was likewise
found to be about 30 times cheaper than MTurk labor [9].

However, the link between productivity and earnings is complex. While faster
task completion can increase a worker’s effective hourly wage, this gain is often
eroded by two critical factors. First is “invisible labor”: one study found that MTurk
workers spend a median of 33 minutes per day on unpaid activities, reducing their
median hourly wage from $3.76 to $2.83 [6]. Second, as Al boosts worker
throughput, some requesters may respond by lowering the per-task pay rate. This
dynamic can nullify individual wage gains and lead to a collective “race to the
bottom,” where the economic benefits of efficiency are captured by platforms and
clients, not workers [27].

From productivity to pay: A simple earnings model. Let » be pay per task, ¢ the
completion time, and : the proportion of invisible labor (searching, screening, dispute
resolution). Effective hourly wage is:

4
Wage = AT % 3600.

Artificial intelligence assistance often reduces ¢, but requesters may lower r as
throughput rises, while i can remain stubbornly high. Table 2 illustrates stylized
scenarios.

The “price-cut” rows show how marketplace responses can erase wage gains,
even when productivity doubles. Conversely, reducing invisible labor (e.g., better
task discovery or bundled approvals) raises wages without cutting prices or speed,
suggesting platform-level levers are as important as model speedups.

Scenario r (USD) t (s) 1 Effective wage (USD/h)
Baseline (human only) 0.10 120 0.33 ~ $2.26
Al faster, price held 0.10 60 0.33 ~ $4.52
Al faster, price cut 20% 0.08 60 0.33 ~ $3.61
Al faster, price cut 33% 0.067 60 0.33 ~ $3.02
Al faster, price cut 20%, 14 to 0.20 0.08 60 0.20 ~ $4.00
Table 2.

Illustrative wage scenarios as Al reduces completion time (t) while requesters adjust pay (v). invisible labor share
1 held at 0.33 per [6].
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4.2 Quality and reliability

The impact of Al on work quality is profound but double-edged. For many
standard annotation tasks, Al demonstrates superior accuracy and consistency.
Gilardi et al. found that ChatGPT’s zero-shot accuracy exceeded that of MTurk
workers by about 25 percentage points [9]. In the subjective task of identifying
implicit hate speech, ChatGPT achieved 80% accuracy, with human evaluators often
siding with the Al in cases of disagreement [28].

However, this high quality can come at the cost of diversity. Veselovsky et al.
found that while LLM-generated summaries were of high quality, they were also
significantly more homogeneous than human-written ones [16]. This loss of
diversity can be a major drawback for research seeking to understand genuine
human perspectives. Furthermore, opaque Al can induce “automation
complacency,” where workers uncritically accept incorrect suggestions, potentially
propagating errors [29].

4.3 Learning and skill development

Artificial intelligence can transform crowdwork from a series of dead-end tasks
into a learning opportunity, a crucial element for long-term career sustainability in
the gig economy [23]. Studies show that goal-setting interfaces with automated
feedback improve workers’ F1 scores on complex classification tasks by 0.19 [30].
Co-creative partnerships with LLMs have also been shown to improve workers’
writing quality over multiple sessions [19]. This dimension is also the focus of tools
like Crowd Coach, which use AI to orchestrate peer-to-peer advice on skill
improvement, helping workers earn higher wages [7].

4.4 Agency and decision autonomy

Agency is central to worker well-being. Research consistently shows that workers
value the ability to override Al suggestions. Interfaces that provide editable
suggestions, rather than fixed outputs, increase perceived autonomy scores by 0.54
standard deviations [31]. This desire for control is reflected in platform-specific
norms: on the less regulated MTurk, workers have overwhelmingly adopted Al tools,
while on the research-focused Prolific, usage is lower and more contested [17]. This
suggests that worker agency is exercised within the norms and affordances of
a specific socio-technical system. Even a simple opt-out mechanism can foster
a sense of control, even if rarely used [32].

4.5 Well-being, inclusion, and sustainability

Artificial intelligence tools can improve worker well-being by reducing drudgery.
Cognitive load, measured by the NASA-TLX scale, drops when Al automates rote
sub-steps of a task [33]. Crucially, Al can be a tool for inclusion. The CultureFit study
demonstrated that an Al scheduler designed with an awareness of cultural
differences in time perception (chronemics) boosted earnings for under-served
worker groups from polychronic cultures [25]. However, the potential for harm is
equally significant. Opaque algorithmic management and surveillance can
exacerbate stress and create a climate of fear, undermining the very flexibility that
draws workers to these platforms [5, 26].

9
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Cross-platform, cross-cultural relevance. Beyond MTurk and Prolific, platforms
with substantial non-Western worker bases (e.g., Toloka and regional contractor
ecosystems) reveal different norms around time, multitasking, and disclosure. Our
CultureFit field study on Toloka (Section 5) provides evidence that culturally-aware
interface adaptations can increase earnings and satisfaction for polychronic workers,
underscoring that empowerment cannot be one-size-fits-all [25].

5. Illustrative case studies

To make the foregoing discussion more concrete, this section details three
systems from the research literature that were designed to address specific power
imbalances in crowdwork through Al.

5.1 Case 1: The invisible labor tracker

The “Invisible Labor Tracker” is a browser plugin designed to quantify the
unpaid work that crowdworkers perform [6, 7]. A field study with 100 Turkers
found that this invisible labor - searching for tasks, managing payments,
etc. — constituted a median of 33% of their total time on the platform. By
automatically logging and classifying activities, the tool makes this hidden work
visible, providing crucial data for workers and researchers to advocate for
fairer compensation structures. This act of quantification parallels historical
efforts to get unpaid domestic labor recognized in national economic statistics,
demonstrating a powerful strategy for social change.

5.2 Case 2: Reputation agent for fairer reviews

Unfair reviews from requesters can lead to rejected payments and damaged
reputations. The “Reputation Agent” is an Al-powered tool that promotes fairness in
this process [34]. It uses a machine learning model to analyze a requester’s review
text in real-time. If it detects language that is likely unfair or violates platform
policies, it triggers a prompt encouraging the requester to reflect on their feedback.
A controlled experiment showed that the agent effectively minimized unjust
feedback, demonstrating that Al can be used not just to police workers but also to
guide requesters toward more equitable interactions.

5.3 Case 3: Culture fit for inclusive work

Digital labor platforms often implicitly encode the cultural norms of their
designers. The “CultureFit” system challenges this by using Al to create a more
culturally inclusive work environment [25]. The tool adapts the interface of the
Toloka crowdsourcing platform based on a worker’s cultural time orientation
(monochronic vs. polychronic). For workers from polychronic cultures, it
introduces features that support multitasking. An experiment showed that this
culturally-aware adaptation improved worker experiences and wages,
demonstrating a path toward designing Al systems that respect and accommodate
cultural diversity.
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6. Risks, tensions, and ethical considerations

While the potential for empowerment is real, the deployment of Al in crowdwork
is fraught with ethical risks that must be actively managed.

Automation bias and over-reliance. When an Al system appears authoritative,
workers may over-rely on its suggestions — a phenomenon known as automation
bias. Huang et al. found that, for the subjective task of hate speech detection, human
evaluators tended to agree with ChatGPT’s assessment, even when the Al was
potentially wrong [28]. This can lead to the propagation of biases and a deskilling of
the workforce.

Distributional inequity and the digital divide. Access to powerful Al tools is not
uniform. Workers who lack the financial resources to pay for premium APIs or the
hardware to run local models are at a significant disadvantage. This can create a new
digital divide, widening the earnings gap between well-resourced and under-
resourced workers [16].

Cultural misalignment. As the CultureFit case study shows, a one-size-fits-all
design based on Western, monochronic norms can disadvantage workers from other
cultural backgrounds [25]. Without conscious design for inclusion, Al systems risk
reinforcing the dominance of a single cultural perspective.

Privacy and surveillance. The same telemetry data (e.g., keystroke logging) used
to build better Al feedback models can also become a tool for intrusive monitoring
[5, 16]. The lack of transparency in how this data is used creates a significant power
imbalance and raises serious privacy concerns.

Labor market erosion and data poisoning. The most significant long-term risk is
that Al-driven productivity gains will devalue human labor. As Al makes workers
more efficient, requesters may respond by lowering pay per task, leading to
a scenario where workers must work just as hard for the same pay, with efficiency
gains captured by platforms and clients [27]. Compounding this is the risk of “model
dementia”: if Al systems are trained on data generated by previous Al models,
they could end up in a recursive loop, being trained on their own homogeneous
outputs, thereby degrading their quality over time [16].

6.1 Practical mitigations in interfaces and workflows

Automation bias. (i) Expose uncertainty and rationale: show calibrated
confidence and concise model rationales; (ii) Staggered reveal: show the worker’s
initial answer before suggestions; (iii) Adjudication pathways: require double-
checking or disagreement resolution on low-confidence cases; (iv) Accountability: log
human overrides to support reflective practice (cf. Section 7).

Unequal access to Al (i) Tool parity — platform-provided assistance with free
tiers and usage quotas; (ii) Compute-light modes — on-device or smaller models for
low-bandwidth contexts; (iii) Assistance credits — requester-funded credits tied to
tasks; (iv) Price-floor coupling — when Al is required, enforce minimum pay reflecting
expected speedups.

Cultural mismatch. (i) Culture-aware defaults: let workers opt into
monochronic/polychronic scheduling aids and notification styles (cf. CultureFit in
Section 5); (ii) Local examples and language variants: seed prompts, validation rules,
and exemplars localized beyond English; (iii) Flexible quality rubrics: allow culturally
diverse yet valid responses where tasks are not purely factual.
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7. Design principles for equitable augmentation

Synthesizing the evidence, we propose eight actionable design principles for
building AI tools that genuinely empower, rather than exploit, crowdworkers.

(1) Expose uncertainty and rationale. To counter automation bias [28], do
not present Al suggestions as infallible. Use confidence scores and expla-
nations to help workers develop a calibrated sense of trust [29].

(2) Keep humans in control. Agency is paramount. Always provide easy-to-
use affordances for workers to accept, reject, or edit Al suggestions, and
include clear opt-out paths [17, 35].

(3) Reward learning and experimentation. Compensate workers for the
time invested in training or experimenting with new tools. This signals
that learning is a valued part of the work itself [7, 30].

(4) Respect chronemics and culture. Acknowledge that work styles are not
universal. Design flexible, adaptable systems to reduce bias and improve
outcomes for a global workforce, as shown by CultureFit [25].

(5) Ensure tool parity. To avoid a digital divide based on access to premium
Al [16], platforms should strive to provide powerful, built-in Al assistance
to all workers, leveling the playing field.

(6) Audit for bias and fairness. Regularly test models for disparate impact on
demographic subgroups, and establish clear channels for contesting unfair
algorithmic outcomes. Artificial intelligence can also be used to audit the
requester side of the market [15].

(7) Prioritize transparency in algorithmic management. The rules govern-
ing work allocation, performance evaluation, and pay must be clear and
consistent to avoid the stress associated with “ghost work” [5].

(8) Co-design with workers. Involve crowdworker representatives
throughout the design process to build tools that address their real needs
and respect their expertise [2, 27].

8. Policy and governance recommendations

Empowerment requires not just better interfaces, but also institutional
safeguards.

(1) Dynamic wage floors tied to assistance. When Al assistance is encour-
aged or required, platforms should set minimum per-task pay indexed to
expected throughput gains and invisible-labor estimates, preventing a race
to the bottom.
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(2) Right to assistance parity. Workers should have access to baseline Al
tools (or credits) when tasks presuppose such tools; pay should not
implicitly depend on private subscriptions.

(3) Transparency in algorithmic management. Publish clear rules for task
allocation, quality scoring, and model-assisted flagging, with appeal
mechanisms and human review.

(4) Data rights and privacy. Limit telemetry to what is necessary for assis-
tance; disclose collection and retention; prohibit covert surveillance
(e.g., keystroke capture) without explicit, revocable consent.

(5) Bias and impact audits. Require periodic disparate-impact testing of
assistance features across demographics and cultural groups; publish audit
summaries and remediation timelines.

(6) Requester accountability. Couple model-assisted requester tools
(e.g., reputation prompts) with policy levers (e.g., penalties for systematic
unfair rejections) to balance power asymmetries.

9. Future research directions

The study of Al empowerment in crowdwork is a vibrant and rapidly evolving
field. While this chapter has synthesized current knowledge, many critical questions
remain unanswered.

Longitudinal empowerment metrics. Most studies are short-term. We need
longitudinal panel studies that track workers over months or years to observe the
accrual of skills, changes in career trajectories, and sustained impacts on well-being.

Cross-platform generalization. The majority of research focuses on MTurk.
Future work must investigate the different norms and dynamics on platforms like
Prolific, Clickworker, and others to understand how findings generalize across
different task structures and worker populations [17].

The co-evolution of workers, tools, and tasks. The relationship between workers
and Al is a dynamic “cat-and-mouse” game of detection, prevention, and adaptation
[16]. Research must adopt a co-evolutionary perspective to track these ongoing
adaptations and their implications for work quality and platform governance.

Simulating human subjects. The finding that AI can replicate social science
research findings heralds a potential paradigm shift [10]. This raises fundamental
questions about the nature of psychological constructs and the validity of Al-
generated data, requiring urgent and careful interdisciplinary investigation.

Adaptive wage algorithms and economic models. The tension between
productivity gains and wage stagnation is a central challenge. Future research should
move beyond measurement toward designing and testing novel economic models,
such as dynamic minimum-wage floors, algorithmic collective bargaining, or other
mechanisms that ensure the fair distribution of the value created by human-AI
collaboration.
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10. Conclusions

Artificial intelligence is not a monolithic force; its impact is shaped by our design
choices. The evidence synthesized in this chapter demonstrates that Al-driven tools
can empower crowdworkers — boosting productivity, quality, and learning. The
performance of models such as ChatGPT points to a future where human-AI
collaboration is the norm [9]. However, these benefits are not guaranteed. They are
realized only when designers intentionally center the values of transparency,
autonomy, cultural inclusion, and equitable access. The risks of automation bias
[28], data homogenization [16], surveillance, and economic exploitation are equally
real. Without a commitment to participatory design and ethical oversight, Al risks
reinforcing the precarity that has long plagued the gig economy [5].

The path forward requires moving beyond a view of crowdworkers as “human
computation” to optimize and instead embracing them as co-creative partners whose
time, agency, and cultural contexts matter. That shift is both technical and
institutional: pair interface-level mitigations (uncertainty exposure, editable
suggestions, culture-aware defaults) with platform-level economics (dynamic wage
floors, assistance parity) and governance (transparent scoring, auditability,
privacy). By aligning model capabilities with fair remuneration and worker control,
Al can make digital labor not only more efficient but also more equitable and
humane.
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Chapter 2

Mapping the Collaboration
between Crowdsourcing and Large
Language Models: A Fine-Grained
Survey

Chunli Lv, Cheng Shen and Miao Xie

Abstract

With the widespread application of Large Language Models (LLMs) in Natural
Language Processing (NLP), their collaboration with crowdsourcing is becoming
increasingly close. Traditional crowdsourcing models primarily undertake
foundational tasks such as data collection and annotation. However, with the rapid
advancements in LLMs technology, their capabilities in handling complex tasks
have significantly improved. LLMs can now feedback to crowdsourcing platforms
by generating tasks, verifying results and providing feedback, reshaping the core
workflows of the crowdsourcing ecosystem and enhancing task design and
operational efficiency. At the same time, the unique strengths of crowdsourcing in
harnessing human knowledge and judgment offer crucial support for LLMs training
and optimization. This is especially evident in key processes such as large-scale
training data construction, human preference alignment, and model performance
evaluation. As a result, the relationship between LLMs and crowdsourcing has
evolved from a one-way dependency into a dynamic, collaborative, and mutually
beneficial paradigm of human-AI integration. In this context, this paper presents
the first comprehensive survey that spans both the LLMs and crowdsourcing
domains. It aims to systematically review and analyze how LLMs empower
crowdsourcing processes in areas such as task execution and quality control, while
also examining the essential role of crowdsourcing in model training, feedback
alignment, and evaluation. Furthermore, it identifies key challenges in current
research and applications, and explores future directions for advancing human-AI
collaborative intelligence and developing governance mechanisms for
crowdsourcing. The papers surveyed in this work are available at: https://github.
com/Ikaros-sc/crowdsourcing.

Keywords: large language models, crowd-supporting, natural language processing,
task collaboration, crowd-supporting ecosystem

19 IntechOpen



Crowdsourcing — Innovations in Digital Collaboration

1. Introduction
1.1 The current situation of crowdsourcing

Crowdsourcing refers to a work model that distributes tasks to a broad public for
completion, with the aim of solving problems more efficiently and at lower costs [1].
In terms of traditional crowdsourcing models, they have demonstrated significant
advantages in specific fields. Specifically, they play an important role in large-scale
data annotation [2] and user feedback collection [3], and these advantages provide
critical support for the development of data-driven technologies such as Artificial
Intelligence (AI).

However, with the continuous evolution of technological demands,
crowdsourcing has gradually revealed a series of inherent limitations, and it is
increasingly constrained in terms of scalability and sustainability [4]. There are two
main manifestations of these limitations. Firstly, due to significant differences
among crowdsourcing personnel in knowledge background, language proficiency,
and task comprehension, the results produced often struggle to ensure consistency
and accuracy [14, 49, 98,]. Secondly, the traditional crowdsourcing model, which
relies on crowdsourcing personnel to manually complete large amounts of
standardized and repetitive tasks, is facing systematic replacement by automation
technologies [5]. At present, the development of crowdsourcing is undergoing
a paradigm shift from quantity-driven to quality-driven approaches.

1.2 The rise of llms

Large Language Models (LLMs) possess a deep understanding of textual
semantics and context, as well as the ability to transform data into natural language
expressions. Therefore, they have been widely integrated into crowdsourcing
platforms [6-9].

LLMs can not only perform auxiliary functions such as task guidance and prompt
optimization [10-12], but also collaborate with crowdsourcing personnel in several
key stages, including task instruction generation [13], information extraction [14],
and annotation assistance [15]. By combining generative and interpretive
capabilities, LLMs demonstrate significant application potential in crowdsourcing
scenarios, gradually becoming an essential component of the emerging paradigm of
human-AI collaboration [16].

1.3 The interaction trend between llms and crowdsourcing

Leveraging their exceptional language understanding and generation capabilities,
LLMs have demonstrated high cost-effectiveness [17, 18] and are now widely applied
in various Natural Language Processing (NLP) tasks, such as text classification and
image description [19]. Under this setting, the collaboration between LLMs and
crowdsourcing continues to deepen, gradually forming a mutually beneficial and
dynamic mechanism [20]. The interaction between them can be summarized in
Table 1.

LLMs can be used in the preliminary stages of task processing, for example, in
data annotation tasks, they can perform automatic labeling in advance, followed
by human review and correction. This approach effectively reduces the burden
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Dimension

LLMs for Crowdsourcing

Crowdsourcing for LLMs

Core Roles

Task designer [16, 21]

Data provider [22, 23]

Task executor [24-29]

Output verifier [30-32]

Task Collaborator [33-35]

Error analyst [30, 36, 37]

Knowledge integrator [20, 38]

Preference annotator [39-41]

Key Capabilities

Task and text generation [16, 21, 42]

Data annotation [2, 33, 43, 44]

Prompt optimization [10, 12, 13]

Preference modeling [39, 45]

Multilingual assistance [46, 47]

Human values alignment [45, 48]

Summarization [11, 26]

Debugging and evaluation [6, 30, 36]

Task guidance [49, 50]

Cultural bias auditing [51-53]

Task Types Pre-annotation and labeling [54, 55] RLHF preference collection [39, 56]
Multi-turn dialogue tasks [19, 57] Dialogue evaluation [23, 58, 59]
Multimodal data generation [6, 9, 60] Emotion labeling [4, 43, 59]
Moral judgment [58] Sensitive content moderation [36, 53]
Style rewriting [11, 28, 29, 32] Naturalness scoring [32, 61]
Collaboration LLMs drafts — human refinement Human feedback — model fine-tuning
Mechanisms [33-35, 54, 55] [39, 40, 48, 62]
Semi-automated annotation [15, 43,54]  Multi-stage validation [34, 52, 63]
Model-generated task templates Human-led error classification [30, 37]
[20, 64]
Dataset Types SuperGLUE [65] SCARECROW [43]
LAPS [57] PANDA [38]
Charades [66]
COUGHVID [67]
WikiWhy [58]
HAI-Coaching [68]
ConQRet [69]
Table 1.

Mutual empowerment between llms and crowdsourcing.

on crowdsourcing personnel and significantly improves overall annotation

efficiency and data quality [21]. At the same time, crowdsourcing platforms, as
vital channels for acquiring diverse data, continue to provide crucial support for
the training and optimization of LLMs [70]. Through crowdsourcing, large
volumes of high-quality data can be collected, such as daily conversations [59],
software testing [71, 72] and answers [73, 74], and subjective evaluations of
model outputs [75]. These datasets not only supply abundant training samples for
the model but also play a key role in supervised learning, particularly in scoring
model responses and collecting preference feedback [40, 41], thereby offering
strong signals for fine-tuning.

Crowdsourcing also plays the role of an anomaly detector in quality control of
model-generated content, identifying and correcting logical errors, inappropriate
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Crowdsourcing
evaluation and
feedback

Figure 1.
The positive feedback loop between llms and crowdsourcing.

expressions, or outputs that deviate from task objectives [36, 51, 76]. This enhances
system reliability and builds user trust.

In summary, crowdsourcing promotes model performance through the provision
of training data and feedback mechanisms, while optimized LLMs, in turn, further
empower the crowdsourcing process, significantly improving efficiency and output
quality in task design, execution, and management. This positive feedback loop
not only drives the continuous evolution of the models themselves but also
accelerates the deeper transformation of collaboration between Al systems and
humans [31], signaling a promising future for human-Al integration. This feedback
loop can be depicted by Figure 1.

Unlike prior research that examines isolated applications of LLMs or focuses
solely on performance metrics, this study systematically explores the bidirectional
collaboration between LLMs and crowdsourcing. We introduce a structured
classification framework based on their role in tasks. This framework defines how
LLMs empower and are supported by crowdsourcing. Then we explore key
challanges and future directions for LLMs-crowdsourcing collaborative system,
which clearly distinguishes our work from existing surveys.

1.4 Systematic review method

To systematically present the collaborative relationship between LLMs and
crowdsourcing, as well as the evolution of related research, we selected several
representative high-quality databases, including ACL Anthology, IEEE Xplore, ACM
Digital Library, and arXiv. During the retrieval process, we used the following
Boolean operation statements: [[All: crowdsource] OR [All: crowdsourcing] OR
[All: crowdsourced]] AND [[All: llm] OR [AIL llms] OR [AIlL llm-based]]. In the
content of the article, information such as research tasks, research methods, datasets,

22



Mapping the Collaboration between Crowdsourcing and Large Language Models...
DOI: http://dx.doi.org/10.5772/intechopen.1013999

Task execution
Human-AlI collaborative
{{‘ Data annotation
\%, Model evaluation
C. Preference alignment
19.4% O [0 Model debugging
>, I Ethics Challenges
QO’ Cultural Differences
55 [ The bias of the evaluation
% [ New application
(9' N The evolution of platforms
G Future research direction

6.5%

186

6.5% \)\) @c‘,

'0%&0(

C oW ASO“‘CA
1

Figure 2.
The percentage of papers classified by topic.

evaluation metrics, and limitations was extracted to ensure the relevance and
comprehensiveness of the results. We retrieved over 300 references in total. After
manual review and exclusion of papers with publication year is too early, not written
in English, exceeds the discipline scope, and is not focused on crowdsourcing, a final
set of 109 papers was selected.

Figure 2 presents the overall structure and focus of this research in a thematic
distribution format, which can be summarized into three interrelated directions:
First, it focuses on leveraging large models to empower crowdsourcing tasks,
emphasizing their potential value in task generation, execution, and collaboration;
Second, explore the role of crowdsourcing in promoting model development and
optimization, highlighting the complementary relationship between human
feedback and the capabilities of large models; Thirdly, it focuses on key issues such as
culture, prejudice, and research evolution to reveal the ethical challenges and future
development directions in this field.

2. Llms for crowdsourcing

The introduction of LLMs offers new solutions to bottlenecks in traditional
crowdsourcing, such as high costs and low efficiency. LLMs can not only assist
crowdsourcing personnel at various stages but also take on key responsibilities in
specific tasks, significantly enhancing automation and data output quality [77].
To fully reveal the transformative potential and practical impact of LLMs on
crowdsourcing, this chapter systematically examines their roles in task design,
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execution, collaboration, and optimization while reviewing related research
progress.

2.1 Task generation and execution

As LLMs advance in natural language understanding and generation capabilities,
their roles within crowdsourcing platforms have steadily expanded. They have
evolved from simple auxiliary tools into core participants capable of both
constructing and executing tasks. This shift enables LLMs not only to support
automatic generation of task content, but also to directly engage in task execution,
significantly improving processing efficiency and data quality [21, 42].

In traditional crowdsourcing workflows, task design typically relies on
manually written instructions. This process is often time-consuming and labor-
intensive, and may result in issues such as unclear or ambiguous wording, which
can lead to misunderstandings and low execution efficiency. The integration of
LLMs has brought fundamental changes to this stage. With only a brief task
objective or a few keywords as input, LLMs can automatically generate well-
structured and clearly articulated task descriptions that include essential elements
such as background, step-by-step instructions, and important considerations
[16, 38, 75, 78]. In addition, LLMs can adapt to the language backgrounds of
crowdsourcing personnel by generating multilingual translations, ensuring
consistent understanding across different languages [46]. This reduces execution
errors caused by language barriers and enhances both the efficiency and quality of
global crowdsourcing projects.

During the task execution phase, many standardized language tasks that were
originally performed by crowdsourcing personnel, such as text classification [24],
keyword extraction [25], and summarization [11, 26], are increasingly being
efficiently replaced by LLMs. Although these tasks require a certain level of
comprehension and judgment, they are typically well-structured and clearly defined,
making them highly suitable for automated processing by models. LLMs have
demonstrated performance on such tasks that rivals or even surpasses that of
humans. For example, models can automatically perform sentiment [4], topic [24],
or intent classification [27] based on just a few examples, significantly reducing the
need for human intervention. In summarization tasks, LLMs produce higher-quality
output while avoiding the redundancy often caused by multiple overlapping
responses in traditional crowdsourcing [60]. Additionally, LLMs have shown
outstanding capabilities in sentence rewriting [28], multilingual translation [47], and
parallel corpus construction [79], effectively lowering the labor cost of crowd
involvement in language annotation tasks.

2.2 Human-machine collaborative execution paradigm

Although LLMs have demonstrated strong execution capabilities in many simple
and standardized tasks, single automated approaches often struggle to ensure
accuracy and contextual coherence when handling complex tasks, open-ended text
generation, and multimodal content [29, 33]. Therefore, human-AI collaboration is
becoming a more promising paradigm for task processing.

This collaboration model typically follows a two-stage process. First, LLMs
quickly generate a draft of the task, such as questionnaire responses, product
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descriptions, or dialogue texts, providing a basic content framework. Then,
crowdsourcing personnel review and refine the draft by performing fact-checking,
language polishing, semantic corrections, or style adjustments to ensure the
content’s accuracy, readability, and suitability [34, 35, 64]. In this process, LLMs
provide efficient content generation while humans contribute judgment,
commonsense understanding, and language fine-tuning, achieving an effective
balance between efficiency and quality [31].

In addition, human-AI collaboration is also well suited for semi-automated
annotation processes. Models can perform preliminary labeling on raw texts [18],
while crowdsourcing personnel are responsible for reviewing and correcting the
results [54]. This approach is especially effective for tasks with complex labeling
standards or strong contextual dependencies. It can significantly improve overall
processing efficiency while ensuring annotation quality.

This collaborative mechanism fully demonstrates the complementary strengths
of artificial intelligence and human intelligence: models handle efficient generation
and processing, and humans take charge of accuracy control and value judgment
[54]. Through this human-AlI collaboration, the advantages of LLMs in speed and
scalability are retained, while their limitations in factual accuracy, logical
consistency, and contextual understanding are effectively compensated. This makes
the approach particularly suitable for tasks with high requirements for output quality
and semantic precision.

3. Crowdsourcing for llms

With the roles of LLMs in crowdsourcing continue to expand, the value of
crowdsourcing in model development has become increasingly prominent. As
efficient method for data acquisition and knowledge integration, crowdsourcing
plays an irreplaceable role in training, evaluation and continuous optimization of
LLMs. From early-stage data collection to later-stage model fine-tuning,
crowdsourcing continuously injects valuable human intelligence into LLMs. This
chapter systematically examines how crowdsourcing contributes human signals at
multiple critical stages, including training corpus construction, prompt template
design, model response evaluation and scoring, alignment with user preferences.

3.1 Data annotation

In traditional NLP tasks, crowdsourcing mainly involves assigning clear and
standardized labels to existing data [44, 80]. These tasks typically have well-defined
structures and explicit labeling requirements. However, as task complexity
increases, especially in areas like training dialogue models, prompt engineering, or
value alignment, crowdsourcing personnel not only need to possess certain
background knowledge and semantic understanding but also face significantly
greater challenges in task design and quality control [99-100].

In response to this situation, a hybrid annotation approach combining LLMs and
crowdsourcing has emerged in recent years. LLMs or other automated tools first
perform pre-annotation, followed by confirmation and modification by
crowdsourcing personnel with expertise [55]. This human-AI collaboration strategy
effectively covers large volumes of basic data, allowing crowdsourcing personnel to
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focus more on identifying and correcting biases and errors in the model’s pre-
annotations [43]. As a result, annotation efficiency and data quality improve,
preventing propagation of model errors within the training set [31].

This collaborative mechanism strengthens the supervisory role of crowdsourcing
personnel within automated processes, making them not just simple data providers
but key participants in quality control. For example, in the training of OpenAI’s
InstructGPT [56], a strategy was employed where the model generates initial drafts
that are then rated and ranked by crowdsourcing personnel. This approach
effectively collects high-quality human preference signals and drives the model’s
optimization toward outcomes that better align with human expectations.

3.2 Model evaluation

With significant improvements in generation capabilities, LLMs have expanded
applications to complex language tasks such as text summarization [21] and
inference [58]. Their outputs are open-ended and diverse, far beyond closed
classification or matching tasks handled by traditional NLP models. This expansion
has brought increasing challenges for evaluation, as model performance can no
longer be fully measured by traditional metrics.

Human evaluation has gradually become a key method for assessing LLMs output
quality. A common practice involves crowdsourcing personnel ranking multiple
model-generated results [81], identifying issues such as factual errors, logical
inconsistencies, or inappropriate expressions, thereby providing subjective quality
judgments better aligned with human standards [32].

At the same time, automated evaluation still plays an irreplaceable role in large-
scale experiments, rapid model iteration, and fine-tuning processes. Metrics such as
BLEU [82] remain efficient and valuable references in tasks like sentence matching
and text similarity. However, these metrics often struggle to accurately capture
more complex language dimensions such as semantic coherence, factual accuracy,
linguistic fluency, and cultural sensitivity.

Therefore, building a scientific and robust model evaluation system is gradually
moving toward a paradigm that combines human evaluation and automated
evaluation [83]. On one hand, crowdsourcing personnel participate in constructing
reference answers, scoring output quality, and collecting human preference
feedback, providing high-quality annotations for model training and evaluation
[84]. On the other hand, there is active exploration of using LLMs themselves for
scoring (such as self-evaluation) or bias analysis, leveraging their semantic
understanding to extend the boundaries of automated evaluation.

3.3 Human preference alignment

As LLMs application scenarios expand, their outputs need not only meet task-
level accuracy and logical consistency but also reflect adaptability to human values,
social norms, and communication styles. This means model behavior must align with
human preferences as much as possible to achieve safe, trustworthy, and responsible
intelligent systems [85].

In this alignment process, the crowdsourcing mechanism plays a crucial role.
Serving as a bridge for large-scale human feedback collection and value expression,
crowdsourcing provides essential support for training human-oriented LLMs [45].
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Among these methods, Reinforcement Learning from Human Feedback (RLHF) is
currently the most mainstream and effective alignment technique [39]. Its core idea
is to introduce large-scale human rating data on top of pretrained models, guiding
the model outputs toward answers that better meet user expectations through
preference modeling.

In the RLHF process, crowdsourcing personnel play a key role. Following specific
guidelines, they evaluate the quality of model outputs in open-ended questions,
judging whether the responses are coherent, useful, and ethically appropriate [48].
This human value-based evaluation mechanism provides the model with quantifiable
preference signals, enabling it to generate content that is not only correct but also
appropriate [54].

3.4 Model debugging

LLMs are widely applied across various tasks, but errors and instability in their
outputs have become increasingly apparent. Issues such as cultural biases [36], and
pragmatic misunderstandings [86] not only affect the model’s practical usability
but also raise higher demands for its trustworthiness and controllability. Therefore,
systematically identifying, analyzing, and explaining the erroneous outputs of
LLMs has become an important research direction to enhance model safety and
robustness.

In this context, crowdsourcing methods have been effectively introduced into the
debugging and root cause analysis processes of LLMs. Through detailed
identification and feedback on model outputs by crowdsourcing personnel,
researchers can more comprehensively pinpoint the specific sources of model
failures and develop more targeted optimization strategies accordingly [30].
Specifically, crowdsourcing platforms can be used to collect and annotate large-scale
failure samples of LLMs, including filtering erroneous outputs, categorizing error
types, and annotating reasons for misjudgments [37]. Such data are crucial for
identifying systematic weaknesses of models in particular tasks or contexts and help
build more targeted correction and training mechanisms.

In actual debugging processes, identifying model errors often requires
balancing broad feedback with expert judgment. Therefore, a hybrid analysis
mechanism that combines general crowdsourcing personnel with domain experts
has gradually taken shape. Crowdsourcing personnel handle the initial
identification and annotation of basic issues [7]. Then, researchers with
professional backgrounds conduct in-depth analysis of complex, high-risk, or
highly specialized samples to identify model deficiencies in specific knowledge
structures or semantic levels [68]. This layered collaboration mechanism not only
improves the quality of debugging data but also enhances the precision and
efficiency of the model optimization process.

4. Key challenges
Although the deep integration of LLMs and crowdsourcing has significantly
advanced task efficiency and intelligent system development, it still faces critical

challenges and structural bottlenecks that demand systematic examination. This
chapter addresses the core issues confronting current LLMs-crowdsourcing
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collaborative systems, with particular attention to the uncertainties and risks
surrounding ethical standards, evaluation criteria, feedback mechanisms, and
quality control.

4.1 Ethics and employment challenges

In traditional crowdsourcing platforms, the manual work of crowdsourcing
personnel has long been the core support for task completion [6]. However, with the
continuous improvement of LLMs’ generative capabilities, many low-complexity
and rule-based tasks have gradually become automated. While this trend
significantly improves task efficiency, it also raises widespread concerns among
crowdsourcing personnel about job displacement [31].

In some practical applications, LLMs are used as preprocessing tools, where the
model completes initial generation before passing the results to humans for
verification and correction. Although such tasks often require a degree of
complexity and judgment, platforms frequently downplay the value of human
input by labeling them as collaborators, thereby suppressing payment standards
and exacerbating inequalities faced by crowdsourcing personnel. For instance, in
a labeling task, the LLMs completes 70% of the pre-labeling first, while the
crowdsourcing personnel only perform the verification. The platform may
calculate salary based on the revision volume, which could lead to a significant drop
in the income of a large number of crowdsourcing personnel. This erosion of labor
value caused by automation is not merely a matter of technical efficiency but
reflects a redistribution of labor rights and human rights. According to the United
Nations (UN) Guiding Principles on Business and Human Rights, companies have
a responsibility to respect and protect human rights in their global operations,
including workers’ rights to fair income and protection from exploitation and
discrimination. Such structural wage suppression resulting from technological
substitution not only violates labor agreements but also undermines the
fundamental economic and social rights of workers, particularly those located at
the lower end of the global labor chain.

Therefore, as LLMs increasingly permeate the field of crowdsourcing, attention
to the associated ethical issues must progress [87]. It is essential to establish more
transparent and equitable mechanisms for task distribution and compensation,
clearly acknowledging the actual contributions of human labor within automated
workflows. This ensures that technological advancement does not come at the
expense of labor rights, and it reflects a necessary commitment to responsibility in
technological development [51]. It is critical for the long-term sustainability of
crowdsourcing systems and the public’s trust and acceptance. In some tasks where
LLMs generates drafts and then crowdsourcing personnel rewrite some details, there
will be a phenomenon where the final dataset is only labeled by AI, and the
contributions of the crowdsourcing personnel are not recognized, which undermines
the trust and sustainability of the crowdsourcing ecosystem.

4.2 Cultural differences
Crowdsourcing platforms heavily rely on the linguistic and cultural backgrounds

of their personnel during data collection. Currently, many mainstream
crowdsourcing personnel are concentrated in specific countries or cultural regions.
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As a result, when performing tasks such as text annotation or model evaluation, their
judgments are often influenced by their own linguistic habits and value systems,
inevitably introducing cultural biases [52].

This issue becomes particularly pronounced in tasks involving subjective
judgment. In evaluating the offensiveness, sensitivity, or moral orientation of texts,
interpretations and tolerance levels can vary significantly across cultural contexts
[51, 53]. For the sentence “You are really amazing”, it might be labeled as positive in
the English context. However, in the Chinese context, it might be labeled as sarcastic.
If a crowdsourcing system fails to recognize and mitigate such biases, these
perspectives may be embedded into the training data, thereby affecting the model’s
generalization capabilities and fairness.

The problem is further complicated as LLMs are widely used in multilingual,
cross-cultural scenarios. Yet, most existing crowdsourcing validation mechanisms
are dominated by reviewers from a single language or cultural background,
hindering assessment of model performance across diverse contexts [88] and
limiting accurate judgment of a model’s cross-cultural robustness.

To address this challenge, researchers and platforms must incorporate
crowdsourcing personnel from multilingual and multicultural backgrounds to
build more inclusive and diverse evaluation systems [41, 89]. At the data
annotation stage, it is also important to emphasize the labeling of culturally diverse
semantic elements to enhance the model’s sensitivity to cultural differences [90].
In the model output sentence: “Women should not work outside”, some of the
crowdsourcing personnel rated it as gender discrimination. While other
crowdsourcing personnel merely rated it as a kind gesture towards women.
Furthermore, introducing cultural fairness metrics into model training and fine-
tuning processes—and proactively identifying and correcting potential biases—
will be crucial for improving both model performance and trustworthiness [69].
This approach aligns closely with the United Nations Educational Scientific and
Cultural Organization (UNESCO) Recommendation on the Ethics of Artificial
Intelligence, which emphasizes cultural diversity, inclusiveness, and non-
discrimination as fundamental principles for responsible Al development. By
embedding these principles into data collection, annotation, and model
governance, platforms can move beyond technical bias mitigation toward
establishing normative safeguards that ensure Al systems are sensitive to and
respectful of different cultural contexts.

4.3 The bias of the evaluation

Most LLMs applications primarily use automated metrics like accuracy or BLEU
to quantify performance. However, crowdsourcers apply richer, multidimensional
criteria in manual evaluation: language naturalness, semantic coherence, logical
consistency, and potential misleading content [38, 61]. Thus, outputs scoring well
automatically may still be rated low-quality by humans due to ambiguity, logical
leaps, or inaccuracies.

The gap between automatic and human judgment is stark in subjective tasks:
open-ended generation, dialogue reasoning, sentiment understanding. Automatic
systems rely on surface text matching, missing complex dimensions like contextual
reasoning, commonsense inference, cultural references, or values—areas where
human evaluation excels [3].
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To address this issue, recent studies have explored hybrid evaluation mechanisms
combining automated and human-based assessments. Typically, automatic metrics
are used for initial screening, while human evaluators supplement the process [63]
by assessing high-level quality dimensions, striking a balance between efficiency
and accuracy. Crowdsourcing platforms can also adopt multi-round validation
procedures [34], involving personnel from diverse linguistic and cultural
backgrounds to perform cross-evaluation, thereby improving the robustness and
objectivity of model assessments. For instance, when dealing with highly subjective
issues such as “whether immigration is legal”, the interpretations of different
crowdsourcing personnel from different countries will be cross-compared, thereby
reducing the risk of a single cultural bias.

5. Emerging trends and future directions

Building on the critical challenges identified previously, the collaboration
between LLMs and crowdsourcing is entering a new stage of development. Their
integration is shifting from operational tasks toward more systematic and intelligent
transformation. This chapter examines this evolving trajectory, exploring potential
breakthroughs in collaborative intelligence, process automation, and feedback loops
between LLMs and crowdsourcing.

5.1 New application scenarios

The widespread application of LLMs in the field of NLP is continuously driving
the evolution of crowdsourcing systems and giving rise to a range of emerging use
cases with practical potential.

With blockchain advancement, its integration with crowdsourcing and LLMs
offers new perspectives for building trustworthy data collaboration frameworks.
Traditional crowdsourcing often suffers from data opacity, lack of process
transparency, and unfair compensation distribution. These challenges can be
effectively addressed by leveraging blockchain’s decentralized, tamper-proof, and
auditable characteristics [91]. Securely recording every step of the crowdsourcing
workflow on-chain ensures data source reliability and task execution transparency
[31, 92].

Currently, LLMs training widely adopts the RLHF paradigm. Most existing
RLHF pipelines, developed independently by organizations or companies, lack
generalizability and reusability. Fields like AI dialogue systems and intelligent
agents often require extensive and diverse user participation, but single-
organization datasets fail to cover all real-world scenarios, leading to inadequate
testing, sample bias, and difficulty in identifying potential model issues. Thus,
building a standardized RLHF platform is an effective solution. It can aggregate
diverse participants to enhance feedback diversity and comprehensiveness,
provide unified task templates, feedback interfaces, and evaluation metrics to
improve training consistency and efficiency [93], and include modules for
annotator selection, preference elicitation, feedback normalization, and
anomaly detection to ensure human feedback diversity, fairness, and
robustness [45].
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5.2 The evolution of crowdsourcing platforms

Current crowdsourcing relying primarily on human labor for large-scale task
distribution and execution. With the continuous advancement of LLMs,
crowdsourcing platforms are undergoing a profound transformation. LLMs are being
integrated into key stages such as task publishing, quality control, and result
analysis, enabling smarter and partially automated workflows that significantly
improve task efficiency and data quality [64].

A new generation of crowdsourcing platforms has emerged, positioning LLMs as
task mediators or collaborators. On these platforms, LLMs not only play a supporting
role but actively participate in workflows [94]. Human participants primarily
oversee and review the process, forming an efficient collaboration model where the
model takes the lead and humans ensure quality. Additionally, LLMs can act as
interpreters or assistants, providing real-time operational guidance for
crowdsourcing personnel, explaining complex task instructions, or translating
multilingual terminology. This reduces cognitive barriers and improves the overall
quality and efficiency of task execution [50].

This emerging crowdsourcing model, centered on human-AlI collaboration, not
only reshapes the structure of task allocation but also redefines the core functions
and value logic of crowdsourcing platforms. It marks a shift from labor-driven
operations to intelligent collaboration, opening new pathways for the development
of future crowdsourcing ecosystems [9].

Moreover, with the expansion of crowdsourcing platform scales and the
increasing complexity of tasks, static allocation strategies can hardly address core
challenges such as worker capability heterogeneity, task demand dynamics, and
environmental uncertainty [95]. In this context, Multi-armed bandit (MAB)
algorithms [96, 97], relying on the “exploration-exploitation” mechanism, provide
crucial support for online adaptive decision-making [98]. For example, contextual
MAB and combinatorial MAB models have effectively optimized dynamic task
allocation; algorithms like ME-UCB [101] have improved quality control accuracy;
and MAB-based incentive strategies have significantly enhanced worker
participation. Notably, when selecting workers for crowdsourcing tasks, considering
their previous collaboration networks [102, 103] is also of great importance, as it
can help identify workers with good cooperation records and strong teamwork
abilities, thereby improving the overall efficiency and quality of task completion
[104]. These applications promote the field of crowdsourcing from theoretical
exploration to practical application.

5.3 Future research direction

One of the core challenges currently facing crowdsourcing systems is the issue of
bias in both data and participant groups [105]. To ensure fairness and inclusiveness
in the crowdsourcing process, researchers urgently need to develop
multidimensional and diversified evaluation mechanisms, as well as design
quantifiable metrics for participant diversity [106]. These efforts aim to effectively
identify and prevent discrimination and the spread of bias that may emerge during
the LLMs’ learning process through crowdsourcing data.

As crowdsourcing tasks grow in complexity and LLMs advance in capability,
traditional evaluation methods relying solely on accuracy or single-dimensional
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metrics no longer suffice to reflect system performance comprehensively. Therefore,
establishing a more standardized and fine-grained evaluation framework, including
consistency, robustness, bias assessment, and explainability, is a key step in
advancing this field [107, 108]. Besides, exploring hybrid collaboration mechanisms
combining expert crowdsourcing with LLMs could yield higher-quality data and
more effective model training [109].

Moreover, Integrating LLMs, crowdsourcing, and MAB is a promising future
research direction, given their strong characteristic complementarity.
Crowdsourcing systems need to efficiently match massive dynamic tasks with
heterogeneous workers. MAB excels in real-time decision optimization via balancing
exploration and exploitation but struggles with unstructured information
understanding and cross-scenario knowledge transfer. LLMs, with strengths in
semantic parsing, logical reasoning, and data generation, can precisely address
MAB’s shortcomings, offering smarter decision support for complex crowdsourcing
scenarios. Specifically, LLMs’ semantic understanding can enhance MAB’s modeling
accuracy for unstructured contexts like task descriptions and worker feedback;
LLMs-generated synthetic data can boost MAB’s exploration efficiency in small-
sample scenarios; LLMs’ reasoning ability can optimize MAB’s dynamic strategy
adjustment logic, especially enabling knowledge transfer in cross-domain
crowdsourcing tasks.

6. Conclusion

LLMs’ rapid rise has deepened the ties between crowdsourcing and Al This study
provides the first comprehensive synthesis of cross-disciplinary research on LLMs—
crowdsourcing integration. It identifies bidirectional interaction mechanisms across
task design, collaboration, quality control, and model development. LLMs reshape
crowdsourcing workflows through advanced language capabilities, while
crowdsourcing enhances LLMs development through annotation, feedback,
evaluation, and debugging. These dynamics highlight the need for standardized
frameworks to strengthen human-AI complementarity. The findings have
implications for future research directions, operational practices that enable efficient
bidirectional feedback, and governance policy that ensure transparency, protect
labor rights, and align technological development with human-centered values and
the public benefit.
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Abstract

The digital economy has expanded organizations’ ability to source ideas, labor and
capital through online participation, making crowdsourcing a strategic mechanism for
innovation and problem solving. This chapter conceptualizes strategic crowdsourcing
as a socio-technical system rather than ad hoc task outsourcing and synthesizes
dispersed theory and evidence into a coherent framework for design and governance. It
defines major typologies—micro-tasks, open innovation contests, co-creation,
crowdfunding, internal crowdsourcing and citizen science—and situates them relative
to outsourcing and open-source collaboration to clarify when each approach fits task
uncertainty, required expertise and desired ownership of outputs. Building on open
innovation, socio-technical systems and participatory governance perspectives, the
chapter proposes an integrated model with five linked layers: contextual drivers; input
configuration (task specification, crowd definition and call design); enabling
infrastructure (platforms and technologies, including Al and blockchain-based
mechanisms); process mechanisms (incentive design, validation and quality assurance,
data governance and ethical/legal safeguards); and outputs/outcomes (innovation,
organizational learning, governance effects and social value with feedback loops).
Cross-sector illustrations from technology, healthcare, education, civic tech and
sustainability highlight recurring trade-offs around motivation, quality control, fair
compensation, privacy and confidentiality and intellectual property rights. The chapter
also evaluates emerging hybrid human-AlI crowdsourcing and decentralized
autonomous organizations (DAOs), emphasizing that their benefits depend on
transparent rules, accountable allocation of rewards and decision rights and human-in-
the-loop oversight to mitigate bias, concentration of control and trust failures. Overall,
strategic crowdsourcing is positioned as potentially democratizing when aligned with
organizational goals and governed responsibly. It concludes by outlining research
directions for comparative studies, cross-cultural analysis and regulation-aware design.

Keywords: strategic crowdsourcing, collective intelligence, digital economy,
innovation management, crowdsourcing typologies, open innovation
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1. Introduction

National boundaries have shifted with the digital economy because it has
introduced the ability to access a large and flexible labor force through the internet.
Crowdsourcing has been a strategic course of action as a mode of utilizing collective
intelligence in terms of innovation and problem-solving and was initially used at
a grassroots level, but later became systematically employed as a business
resource [1, 2]. Companies embrace it as a source of an international reservoir of
innovative skills, important resources, and implementation in the sense of creativity
and problem-solving [3, 4]. It enables access to the so-called excess capacities and
produces high-quality ideas, particularly in cases where internal R&D is scant [3, 5, 6].

New literature highlights the fact that the study of crowdsourcing is still divided
across various fields in the context of the digital evolution of the economy. Through an
in-depth literature review of the topic of crowdsourcing and digital information, it was
identified that initial studies focused on conceptual development and the construction
of typologies, but they have since shifted to studying how they operates on digital
platforms and crowdfunding, as well as the improvement of machine learning and
social media [7]. The emerging organizational and individual value propositions of
crowdsourcing, due to its unique capability of harnessing dispersed knowledge and
collective intelligence, have not been studied enough, and ethical concerns associated
with crowdsourcing, e.g., privacy, compensation, and fairness have not been
extensively explored. [7] points out that crowdsourcing, combined with digital
information, has not been studied nearly enough, with under-studied and unexplored
research areas, a lack of interdisciplinary collaboration, and an absence of overarching
frameworks. To broaden the research agenda involves examining the ways in which
digital platforms can specifically influence incentives to participate, social recognition,
skills development, and algorithmic control, in tandem with digital inequalities and
regulation issues. This chapter expands on those observations in the sense that it
presents crowdsourcing not as a transactional process but as a socio-technical system
redefining both organizational borders and labor relations.

Crowdsourcing is another example of the erosion of consumer/producer
distinctions in the digital economy, where consumers become working consumers
and producers become consuming producers, resulting in community creation
around things that people share [2, 3]. Most strategic analytical planning, with an
emphasis on stakeholder empowerment, the democratization of innovation, and
governance, is preferred in digital cities planning and in the practical
implementation of policies [8]. Motivations will be based on both economic and
social grounds to enhance engagement, identify talent, and foster continued
learning. Crowdsourcing is perfectly applicable to wicked problems; it harnesses
distributed knowledge, encourages creativity, and provides quick solution iteration
[1, 2, 8]. In spite of its increasing use, knowledge of its influence on strategic
experience, the combination, and the elimination of uncertainty is still lacking [1, 5].

In spite of the proliferating research, the conceptual boundaries and strategic
implications of crowdsourcing are fragmented. A new academic review has highlighted
the fact that existing definitions are extremely varied and that many practitioners use
the term to describe virtually any form of online collaboration. That review synthesized
disparate definitions and put forward eight core elements that any definition of
crowdsourcing should include — who constitutes the crowd, the nature of the task, the
mechanism for remuneration, the initiator, the resulting product, the process, the
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type of call, and the medium through which it is issued [9]. Such definitional
inconsistencies make it hard to combine findings from across disciplines and
understand how crowdsourcing compares to other mechanisms of open innovation.

The chapter addresses the conceptual deficiency by systematically and integratively
synthesizing scattered insights on crowdsourcing. Its objective is to move beyond
descriptive inventories toward a strategic notion of crowdsourcing in its various
typologies and its potential to be purposefully designed and governed to generate
innovation and societal value. Drawing on theories of open innovation, socio-technical
systems, and participatory governance, the text develops an integrated framework
relating typology choices to methodological decisions, incentive design, quality control,
and ethical considerations. By theorizing this framework and mapping it onto
contemporary empirical cases across diverse sectors, the chapter elucidates the
conditions under which crowdsourcing enables innovations that reshape organizational
boundaries, democratize innovation, and influence policy. This orientation establishes
a platform for subsequent sections that investigate conceptual foundations (Section 2),
methodological approaches (Section 9), computational and Al integration (Sections 10,
11), application domains (Sections 12-18), emerging trends (Section 19), and strategic
implications culminating in a synthesized discussion and conclusion.

1.1 Defining crowdsourcing in the digital age

Digital-age crowdsourcing uses web connectivity to crowdsource solutions to
problems, brainstorm ideas, and carry out tasks by way of an open invitation to a wide
and usually ill-defined audience. The term was coined in 2006 by Jeff Howe, and it
entails assigning functions to a large online community through the use of Web 2.0
technologies, thereby facilitating real-time communications and collaboration [10-12].
Businesses, governments, and non-profits make use of it based on open challenges,
contests, and distributed tasks [8, 10, 13]. The framework is founded on shared
intelligence to perform various tasks, including product development or urban
development design [8, 14, 15]. The essential elements are an open call format, a widely
distributed workforce, task decomposition, an incentive structure, and a quality control
mechanism [8, 10, 11, 16-18]. It finds its reflection in the spatial crowdsourcing of urban
services and in the functions of digital marketing and open innovation [14, 15, 17].

2. Conceptual foundations and theoretical perspectives
2.1 Historical evolution of crowdsourcing

Although it appears formally as a relatively recent term in the digital age,
crowdsourcing has connections to the long-established customs of joint efforts
associated with fundraising and subscription-based publications. These analog systems
were the predecessors of the present distributed participation [19]. General
Crowdsourcing Evolution, the introduction of the internet, and Web 2.0 in particular,
completely changed crowdsourcing as it allowed users to contribute content and
collaborate online, which paved the way for what is happening today on a mass scale
through the use of social media and review sites [20]. This transformation has
incorporated crowdsourcing into open innovation, co-creation, and organizational
theory [21]. It has attracted millions of users, which has become key to the digital
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economy, determined by activities on the platform and platform design [22]. In spite
of the increase, the difficulties linked to its definition, scale, morals, and the design of
participation — such as Byte link - are generating continuous research on the subject of
incentive design and quality assurance [9, 11, 19].

2.2 Typologies of crowdsourcing

Crowdsourcing includes a variety of patterns that fit specific objectives and
activities. Micro-task crowdsourcing divides projects into easy-to-work tasks among
many dispersed workers and utilizes scalability and cost-effectiveness, with
a financial reward often being used [23, 24]. Complex, though likely creative,
problem-solving engages external people in open innovation crowdsourcing that
rewards any successful input made, particularly when in-house expertise is limited
[25-27]. Crowdfunding is defined by the concept of collective funding of financial
projects, unlike the concept of crowdsourcing, which involves labor [28].

Other typologies involve crowd ideation to make creative suggestions, co-
creation, in which multiple people are used to develop a product, and crowd voting,
where a group of individuals is used to make judgments [23, 27, 28]. Crowd
networking and crowd sharing support community relationships and the sharing of
resources [28]. Citizen science is the inclusion of non-professionals as volunteers in
scientific research, such as data collection and analysis [28, 29]. These typologies
vary based on the nature of tasks, process (integrative vs. selective), type of reward,
and openness/expertise [23, 26, 27, 30]. Internal crowdsourcing uses the intelligence
of employees in internal problem-solving and innovation [31]. Academic
crowdsourcing combines amateurs and professionals in research activities [29, 32].

Table 1 summarizes the key typologies of crowdsourcing described above,
outlining the task nature, participation models, typical applications and defining
features of each typology.

Table 2 maps each crowdsourcing type to its innovation and governance impact
and highlights associated ethical and legal considerations.

Typology Task Participation  Typical applications  Key features/Details
nature model
Micro-tasks Simple, Open, large Data entry, tagging, High scalability, minimal
repetitive crowd moderation expertise required [27, 33]
Open Complex, Open, diverse  Product design, pro- Integrative/selective, external
innovation creative crowd blem-solving expertise [10, 27]
Crowd funding  Financial Open, large Startups, creative Small contributions,
support crowd projects democratized funding [10, 33]
Creative/ Creative, Open, Design, music, scien- Competitions, specialized skills
Complex tasks skilled competitive tific research [27, 29]
Internal Varied Closed, inter-  Idea generation, inter- ~Employee-driven, organizational
crowdsourcing nal crowd nal problems focus [31]
Academic/ Research Open, mixed Data analysis, citizen Professional/amateur
Scientific tasks crowd science collaboration [29, 32]
Table 1.

Summary table of key typologies of crowdsourcing.
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Typology Innovation and governance impact (Keywords)  Ethical and legal considerations
(Keywords)
Micro-tasks Operational efficiency; large-scale data processing;  Risk of low compensation;
cost reduction; rapid iteration [9] exploitation of workers; quality

validation; privacy issues [9]

Open innovation/  Breakthrough product and process innovation; Intellectual-property ownership;
complex tasks access to diverse expertise; cross-sector problem idea appropriation; fairness in
solving [34] reward allocation [34]
Crowd funding Democratized financing; community building; Risk of fraud; regulatory
support for start-ups and social innovation [9] compliance; transparency of fund

use and accountability [9]

Co- Enhanced user engagement; product/service co- Unclear ownership of co-created

creation/creative design; improved adoption and loyalty [9] assets; managing participant

tasks expectations; fair representation
[9]

Internal Harnesses employee knowledge; fosters intrapre- Privacy and confidentiality; balan-

crowdsourcing neurship and organizational learning [9] cing openness with hierarchy;

recognition and compensation [9]

Citizen science/ Advances scientific research; democratizes knowl- ~ Data accuracy and validation;
academic edge; strengthens public trust; informs policy [9] informed consent; equitable recog-
crowdsourcing nition; access to results [9]

Table 2.

Mapping crowdsourcing typologies to innovation/governance impact and ethical considerations.

3. Crowdsourcing, outsourcing, and open collaboration: A comparative
analysis

Crowdsourcing works when the solutions are uncertain, and a diverse crowd with
anonymity is employed [25-27]. Outsourcing presupposes that the supplier has been
formally contracted with the providers for clearly defined and predictable tasks
[25, 26, 35, 36]. Open sourcing is collaborative, voluntary, and involves open sharing,
in which outputs are generated through community-driven, rapid innovation, and
is predominantly used in software development [27, 37]. All the models have
particular benefits and weaknesses, conditioning their implementation in the
stratagem [25-27, 35-37].

Crowdsourcing can be more economical for decomposable tasks where mass
participation is an advantage because transaction costs, labor costs, and pay-by-
reward models are lower [25, 38-41]. Nevertheless, the cost-effectiveness depends
on the complexity of the tasks, their duration, and the demands on their quality;
therefore, the outsourcing option is most appropriate when the project is complex
and requires a long-term commitment [38, 41, 42]. Pay-per-task models in
crowdsourcing are short-term and connected with the continued ownership of
output by the client, whereas open-source applications depend on voluntary
contributions with outputs provided freely to the community for iteration
[25, 38-41].

Table 3 provides a comparative summary of crowdsourcing, outsourcing and
open-source collaboration across dimensions such as participants, motivations,
control, task type, ownership, quality control and innovation potential.
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Aspect

Crowdsourcing

Outsourcing

Open sourcing
(Open Source)

Participants

Large, undefined crowd

Selected external

Global community of

provider(s) volunteers
Motivation Financial, intrinsic, Financial (contractual) Intrinsic, reputation,
reputation community
Control Client sets task, crowd Client defines scope, provi- Decentralized, community-
submits solutions der executes driven
Task type Routine, complex, creative Well-defined, repeatable, or  Software, documentation,
specialized creative works
Output Typically retained by client Defined by contract Openly shared, governed by
ownership licenses
Quality Varies, may require filtering ~ Managed by provider/client  Peer review, community
control standards
Innovation High, due to diversity Moderate, depends on High, collaborative
potential provider innovation
References [25, 26, 35, 37]
Table 3.

Comparative summary.

4. How crowdsourcing typologies improve innovation outcome

The use of crowdsourcing typologies and different external know-how promotes
innovation, gaining more ground through expanded idea generation and user-driven
development [14, 25, 43, 44]. Innovation and idea crowdsourcing bring a variety of
participants, which broadens novel solutions to difficult issues, whereas internal
processes broaden the outlook [14, 25, 43, 44]. The motivation of participants
(intrinsic and extrinsic) affects the quality of solutions, and adequate task
framing contributes to the increase in creativity [45-47]. The user-driven innovation is
related to the alignment of products with market needs, and successful crowdsourcing
should be integrated into the organizational innovation framework with effective
alignment of purpose, task design, and participant mix [14, 44, 46, 48].

Advanced typologies of crowdsourcing, mainly involving generative artificial
intelligence (AI), no longer rely on ideation through rather rote crowdsourcing

services limited to humans, but instead involve the concept previously stated - the co-
creation of human and AI [49]. Researchers pitted solutions from human-only teams
against those from human world + large language model teams in a longitudinal
crowdsourcing challenge. They discovered that multi-team (human + AI) solutions
exhibited a greater level of strategic viability, financial and environmental worth, as
well as overall quality; however, human-only teams demonstrated better novelty and
creativity. Such findings indicate that hybrid search processes have the potential to
harness the breadth of crowd creativity while leveraging Al's capability to synthesize
information and assess feasibility. It is worth noting that prompt engineering, which
involves human guidance in repeatedly revising Al queries, became a key aspect in
enhancing the quality of solutions [49].

Use of Al does not, therefore, substitute crowd creativity but amplifies early
innovation because it offers a cost and scale-efficient way of searching solution
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space and filtering ideas. In addition to the positive performance implications,
researchers suggest that generative Al can affect the boundaries of organizations and
exacerbate the Not Invented Here syndrome: Organizations that use personal data
can overlook external crowdsourced data and, by doing so, become less likely to
absorb external information. Organizations need to build what is called an
appropriation capacity: the capacity to get external ideas to fit into their own
contexts and develop cultures that have an appreciation of external cooperation [50].
NIH bias can be offset with hybrid typologies that mix crowd ideation, algorithmic
curation, and internal review at a faster rate of discovery.

5. Crowdsourcing in practice: Models and applications
5.1 Strategic crowdsourcing applications in the technology sector

Software engineering takes advantage of crowdsourcing to code, test, identify
bugs, and find solutions to problems due to its fast implementation and variety of
solutions [42, 51]. Under Industry 4.0, it enables product development, innovation,
data supply to manufacturing, crowdsensing, and troubleshooting, incorporating
external knowledge and real-time information to become flexible [52]. Smart cities
rely on mobile crowdsourcing (MCS), which can support decentralized services and
real-time data acquisition related to urban operation management and disaster
response, applied to IoT, and wireless technologies [17, 53]. It is a tactical IS-sourcing
trend and is able to leverage trained expertise for brainstorming and systems
problem-solving, enabling rapid responses to technology requirements [1]. Internal
crowdsourcing democratizes strategy, introduces innovation, and penetrates
employees of all ranks [54, 55]. Ride-sharing and other sharing economy services rely
on spatial crowdsourcing, addressing issues with the assignment and quality control
of tasks as well as privacy [17, 53].

5.2 Strategic crowdsourcing applications in health, finance, and education

Crowdsourcing in the health sector has been applied in medical diagnosis and
disease surveillance, where crowd assessments equate to expert assessments under
surgical abilities and raise the rate of CPR intervention [56-58]. It facilitates the
delivery of population health messages by creating culturally appropriate
communication products in an economical manner [57, 59-61]. It has the capacity to
perform Al tasks and health-related experiments on a massive scale and is used to
support open collaborations in clinical research [58, 62]. Finance In finance, strategic
crowdsourcing uses collective intelligence to analyze investments, evaluate risk,
and predict markets, providing agile feedback and innovation. It also saves
operational expenses because it can outsource its non-ethical activities, such as data
validation and compliance checks [1]. Crowdsourcing in the education sector raises
assessment through the contribution of vast groups in the evaluation of student work
as well as peer grading. It helps to encourage shared content and curriculum
development, making it relevant and fast-changing. It encourages the interaction
and involvement of students and raises the level of critical thinking and
communication, particularly online [63].
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6. Relationship between community involvement and crowdfunding

The engagement of the community plays a very important role in the success of
crowdfunding, and higher levels of cultural, local, and online community
engagement result in higher levels of funding [64-67]. Interested sharing and
community updates, comments, etc., could establish trust and stimulate
contributions [65, 68]. Developing the internal social capital of the platform
contributes to attracting initial support to build on a self-reinforcing momentum [69,
70], strategic referrals done as early as possible through social proof [71], and
encouraging word-of-mouth [72]. Long-term participation is essential for trust,
clarity of fund management, and inclusivity [73]. Rewards systems, where individual
efforts are rewarded and achievable rewards are potential, continue to do so [74, 75].

The involvement of the community will always be a key aspect of a crowdfunding
campaign, but more than the raw quantity of participants, the rhythm of
participation over time is determinant. Based on signal theory and information
overload theory, a study by Solodoha, which analyzed 2,852 reward-based
crowdfunding campaigns, found an inverted U-shaped correlation between update
frequency and campaign outcomes, with moderate amounts of updates signaling
commitment and progress, thereby reducing uncertainty and attracting more
backers, while excessive updates caused cognitive overload and loss of impact [76].

The notion of updates provides a position of credibility that can reassure those
who have taken a bet on the abilities and resource commitment of the entrepreneur,
but a surfeit of updates makes it seem that there is a high probable risk and eliminates
potential followers. This statement supplements the earlier data about early referrals
and the practice of immediate and clear updates, implying that the organizers of
campaigns should develop a strategy for updates that avoids over-relating
transparency and saturation. In the two crowdfunding models noted above
(donation-based and equity-based), the same signaling dynamics might be relevant,
i.e., regular but minimal updates will encourage trust without incurring fatigue.

Table 4 illustrates how different community-involvement factors—such as local
or cultural engagement, online community membership and the frequency of project
updates—affect the success of crowdfunding campaigns.

7. Green and social innovation projects in practical crowdsourcing
practices

Green and social innovation is growing through crowdsourcing, which relies on
collective intelligence and local participation to address green and sustainability

Factor Effect on crowdfunding success

Local/cultural community engagement Higher funding outcomes [64, 65]

Online community membership Increased exposure and backer participation [66, 67]

Social interaction (comments, updates) Greater trust, more contributions [65, 68]

Internal social capital Early support, self-reinforcing momentum [69, 70]
Table 4.

Community involvement factor effect on crowdfunding success.
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challenges [24, 77]. Sustainable Development Goals (SDGs) depend on
crowdsourcing, enhanced by social media and trust in platforms [78]. Integrated
platforms, combining social networking and crowdsourcing, are utilized to collaborate
and share resources in relation to social and green innovation [79]. It is essential to
adopt responsible innovation practices, such as inclusion and strategic alliances, along
with design features and media portrayals, to encourage involvement [80-82].
Sustainable platforms are focused on long-term value creation and co-creation [83].
Crowdsourcing is a critical component of green and social innovation because, in
both contexts, there are large numbers of stakeholders who need to be geared up
to tackle environmental and social issues. Do Prado et al. (2025) conducted
a systematic review adhering to the Methodi Ordinatio methodology and analyzed
the literature on sustainable open innovation. They found that an overwhelming
majority of the literature's interest in the topic was focused on environmental
matters, the circular economy, and social aspects. Collaboration, crowdsourcing,
knowledge management, and stakeholder engagement were identified as the main
mechanisms by which open innovation can strengthen sustainability practices,
although reviewers noted that most research still remains within a limited number of
regions and sectors. The authors call for increased interdisciplinary and international
collaborations, as well as economic development and environmental responsibility
[84]. Such findings highlight the need to use the power of crowds to come up with
solutions for green product design, waste reduction, and social entrepreneurship,
and to establish mechanisms for assessing environmental and social effects. In the
context of the work of technology platforms, the integration of the principles of
sustainability values is also reflected in the creation of incentives to participate in the
community in the long term and ensure environmental awareness.

8. Crowdsourcing in policy making and civic tech

Crowdsourcing is gaining traction in policymaking and the practice of civic
technology to increase participation in political decision-making. Its most
widespread application is in agenda-setting and policy evaluation, while its least
widespread application is in other phases [85, 86]. ICT allows full transparency and
deliberation over policymaking processes through what is known as crowd
policymaking, and although large inputs can pose a problem, a solution is provided
[86]. The process of good governance needs to be convenient, accessible, and
efficient in processing data, and two-way communication increases citizens'
participation [87, 88]. Crowdsourcing in urban planning is used as an addition to
conventional participation, effectively utilizing the action of collective intelligence
to improve solutions [89, 90]. Social media can also be used to conduct passive
crowdsourcing, which provides important information on the needs of the
population in terms of policy creation [88, 91].

Demonstrations in civic technology and public health suggest that the
crowdsourcing process may be used to bridge research-practice gaps through
community creativity. According to [92], the LIGHT global crowdsourcing
competitions, which asked communities to collaborate in creating dissemination
materials for health interventions, were described. These competitions were
organized by the National Institute of Health Research. As per the World Health
Organization/TDR open call methodological framework, the contests were
organized in five steps: organizing a steering committee, popularizing the call,
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accepting and judging entries, appreciating finalists, and broadcasting winning
solutions. This strategy ensured that dissemination materials responded to audience
requirements, helping to improve the receipt of evidence-based interventions [92].
Open calls to participate in policymaking have also been used in participatory
budgeting, constitution drafting, and urban planning, as examples of how
crowdsourced proposals may further enhance both transparency and legitimacy. The
inclusion of coherent open-call mechanisms in the design of civic tech platforms
may, therefore, enhance the adoption of policies and the popular perception of
individual contributions to the process. This may be strengthened by a feedback loop
designed to inform the crowd about the effect of its input on the process.

9. Methodological approaches in crowdsourcing research

Based on the evolution of the paradigm of the swift growth of crowdsourcing,

a systematic and integrative literature review of insights related to crowdsourcing
research from the early 2000s through mid-2025 was developed to form the strategic
framework for this chapter. Whereas previous studies have mainly been used to
summarize typologies or map bibliometric trends [9], the current study attempted to
integrate conceptual, methodological, and empirical knowledge across several
disciplines so that design principles could be generated. The review protocol
followed the recommended guidelines for systematic and scoping reviews,
combining database search, snowballing, and expert consultation.

Database searches were carried out in Web of Science, Scopus, Google Scholar,
and PubMed using combinations of keywords such as “crowdsourcing,” “open
innovation,” “digital economy”, “citizen science,” “ethics,” “quality control,” and
“Al.” Searches were limited to book chapters, high-impact conferences, and peer-
reviewed journal articles from English-language publications. The initial search
returned approximately 1500 records. After duplicate screening and title and
abstract screening, 420 articles were included. Inclusion criteria ensured that the
studies explicitly discussed crowdsourcing as an organized socio-technical process
rather than general user-generated content, while reporting conceptual frameworks,
empirical results, or methodological knowledge as it relates to innovation,
governance, ethics, or technology integration. Exclusion criteria included papers
without an empirical or conceptual contribution, un-peer-reviewed commentary,
and papers focused solely on crowdfunding.

Full-text articles were coded using hybrid inductive — deductive coding. Categories
emanating from the literature and further refined stepwise comprised typology (micro
task, open innovation, co-creation, internal, citizen science, crowdfunding),
application field (technology, healthcare, education, civic governance, sustainability),
methodological design (qualitative, quantitative, mixed method, econometric
modeling, computational modeling), incentive system, quality control mechanisms,
ethics and legal aspects, and reported result outcomes. Two of the researchers were
trained to code the material independently and resolved differences among themselves
after discussion. The coded analysis took place through thematic synthesis, and
patterns, contradictions, and gaps were identified. To help understand relationships
between typologies, methods, incentives, and outcomes, concept maps and matrices
were created to illustrate this information and are presented as supplemental
materials. Integrative definitions were referred to match the classification [9].

52



Strategic Crowdsourcing: Frameworks, Challenges, and Impact in the Digital Economy
DOI: http://dx.doi.org/10.5772/intechopen.1013756

In addition to the qualitative synthesis, complementarity to the econometric and
computational modeling studies that are used to estimate worker effort and pricing
strategies, as well as to surveys on quality control techniques that derive models for
assessing and improving crowdsourced outputs, were reviewed [34]. These studies
were used to inform the conversation on incentive design, task allocation, data
quality assurance, and combining human and artificial intelligence. A bibliographic
dataset and a graphical flow chart of the peer review are provided in an online
appendix for the purposes of replication and extension. The inclusion and exclusion
criteria, along with the full coding frame, including search queries, have also been
uploaded in the supplementary materials.

9.1 Integrated strategic crowdsourcing model

The main contribution of this chapter is the development of a unified strategic
crowdsourcing framework that brings together typologies, methodological choices,
enabling technologies, and contextual elements to create a logically consistent socio-
technical framework. Investigation to date has been fragmented, with typologies
alone or weaknesses put forward for discussion or enumeration, often accompanied
by ambiguity in definitions [9]. The framework conceptualizes crowdsourcing as an
iterative process, using upstream design-related decisions as a mechanism to link
with downstream outcomes. Focus is placed on the fact that the chosen typology
(micro-task, open invention, co-creation, crowdfunding, internal, or citizen science)
determines the decomposition of the task, the selection of participants, the incentive
mechanisms, and the quality control mechanisms.

The framework consists of five interconnected layers: (1) Contextual drivers —
digital economy, socio-economic goals, and regulatory framework that drive
crowdsourcing efforts; (2) Input configuration — task specification, crowd definition,
and designing the call based on the key characteristics from the literature [9]; (3)
Enabling infrastructure - platforms and technologies mediating interactions, such as
web-based platforms, mobile apps, and blockchain/decentralized autonomous
organizations; (4) Process mechanisms — incentives, quality assurance, data
governance, and ethical safeguarding; and (5) Outputs and outcomes — innovation,
governance, organizational learning, social value, and feedback loops. Each layer
interacts differently with others; e.g., contextual drivers will affect suitable typology,
platform capabilities will set limits on incentive design, and quality assurance will set
limits on output reliability. Legal and ethical issues are present throughout the layers
and need to be considered during the design process [9].

The complexity is increased by the combination of artificial intelligence and big-
data analytics. Al can help in performing the distribution of workloads, predicting
performance, and identifying anomalies, but it requires proper quality training data
and transparent algorithms. Surveys of quality control approaches focus on the
challenges introduced by human workers working with computation due to the
diversity of their capabilities and motivation; the studies capture quality models of
crowdsourcing tasks and suggest evaluation techniques and quality assurance actions
to address quality issues [34].

Similarly, the emergence of blockchain and DAOs introduces new forms of
governance that could lead to the democratization or consolidation of power in light
of the distribution of voting rights and reward tokens. Furthermore, the framework
attaches constitutive characteristics to technological enablers, which are not just
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seen as neutral tools but significantly influence questions of participation,
distribution of incentives, and accountability.

The typology, organizational aims, and process mechanisms in the design of
process mechanisms need to be in congruence to carry out crowdsourcing strategies
effectively. For simple classification problems, micro-tasking with static payments
and automated quality control might be sufficient; for complex innovation-related
problems, open calls, competitive prizes, and peer review should be used [34].
Internal crowdsourcing taps into employee knowledge but needs effective
communication channels and recognition. Citizen science projects must include the
management of participant consent, openness of data products, and recognition [9].
By situating crowd sourcing initiatives within this frame, practitioners can
systematically evaluate a set of trade-off decisions, preempt potential ethical and
legal challenges, and design interventions to maximize innovation impact while TNF
contributors are safeguarded. The framework also identifies some areas for research
at intersections between layers — including the effects of Al-mediated incentive
design on participant motivation or the effects of regulatory change on platform
governance.

10. Econometric and computational modeling in crowdsourcing research

The research on crowdsourcing also focuses on econometric and computational
modeling, which allows for reflecting, predicting, and optimizing individual and
crowd behavior and task outcomes [42, 93-96]. The econometric modeling requires
additional studies in the estimation of costs and effort, strategic pricing with
adjustments to the universal nature of worker abilities, and incentive schemes [42].
As a form of computational model, Bayesian and probabilistic methods combine
noisy crowd-labeled data, guess the correct identifications, and discover cliques of
annotators [93, 94]. Unified methodologies are used to mesh together the various
inputs and predict results and worker trustworthiness [93, 94]. Solutions such as
crowdsourcing on websites like Kaggle allow for equal experiments involving
thousands of modeling methods to be used to analyze the information [95].
Developments in Al, then, extend into hybrid intelligence, where a person and
a machine work together [96].

11. Integration of Al and crowdsourcing in big data environments

The analysis of crowdsourcing with Al and Big Data is revolutionizing research and
enabling successful data management and knowledge extraction, as Al handles and
processes large amounts of data provided by human participants [96-101]. Together,
Al and crowdsourcing combine to maintain data lakes and determine quality, with
crowdsourcing applying human cleverness to tasks beyond machine capacity, and Al
rendering the workflow automatic [95, 97, 98]. The knowledge is obtained in Al
applications based on crowdsourced big data, and data mining process frameworks are
used to address cost, quality, and latency [98-100]. Crowdsourcing plays an important
role in the production of labeled data, the assessment of ML models, the building of
hybrid intelligence systems, and the insights of ML and mobile crowdsourcing delve
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Challenge description Key issues
Data quality Ensuring accuracy and reliability of crowdsourced data [98]
Cost and latency control Managing expenses and response times in large-scale analytics [98,100]
Privacy and security Protecting user data in cloud-assisted and mobile crowdsourcing [102]
Data governance Establishing standards for integrating and managing big data [97]
Table 5.
Challenges.

into federated learning and large language models [96, 101, 102]. Data quality, cost
control, privacy, and data governance are issues to overcome.

The adaptation of the big data setup by combining Al and crowdsourcing is not
limited to the process of data processing but extends to collaborative intelligence as
well. Generative Al systems can depend on large proprietary data, and companies
often find themselves in situations where they exacerbate NIH syndrome by
focusing on their narrow internal expertise instead of leveraging crowdsourced
knowledge. To overcome this hurdle, Sood et al. suggest the addition of absorptive
capacity through appropriation capacity, which allows organizations to integrate
external ideas into their internal environments [50]. On a methodological level, the
perspective on precision health put forth by Washington promotes human-in-the-
loop workflows, in which data labeled by a crowd and reviewed by experts is used
to train machine learning models. Public labeling can identify complex aspects of
behavior observed by human beings that computer algorithms cannot, thereby
enhancing precision in diagnosis in areas such as psychiatry, behavioral science,
and disease monitoring [92]. Enhanced algorithmic fairness is also achieved by
including diverse opinions and detecting bias, which is associated with the
combination of AI and crowd inputs. These lessons indicate that future Al-
crowdsourcing systems should focus on transparent decision-making, inclusive
design, and democratic problem-setting to fully utilize the benefits of human and
mechanical intelligence.

Table 5 synthesizes the principal challenges associated with integrating Al and
crowdsourcing in big-data environments, including data quality, cost and latency
control, privacy, data governance and algorithmic bias.

12. Decision-making frameworks leveraging crowd inputs

Collective intelligence is exploited by decision-making systems through several
methods and in different realms, including overcoming weaknesses in the ability to
process unstructured information and guaranteeing decision quality [103-109].
Techniques include, on the one hand, a deep-learning sentiment analysis of
fine-grained opinions and graph-based models (MH-GCN) to incorporate textual
reviews into decisions [103, 104]. Model-based methods use cognitive models of
individuals and provide better forecasting of choices than majority-rule
approaches, whereas simulation schemes examine voting rules as smart within
a fundamental framework of group intelligence [105, 106]. The application of other
aspects of practical management, such as the MacroWiz systems, grants the ability
to filter and optimize responses, diminish latency, and extend reliability [107].
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Element Description

Data processing Sentiment analysis, graph models, probabilistic representations

Quality control Filtering, optimization, simulation, and behavioral modeling

Incentive and participation Motivation, engagement, and management of crowd contributions

Application contexts Business, public policy, product design, regulatory decisions
Table 6.

Key elements in effective frameworks.

Crowdsourcing is used in regulatory as well as business models to ensure open
innovation and eliminate risks [108, 109]. As an overview of effective design,
Table 6 lists the key elements of decision-making frameworks that leverage
crowd inputs, covering data processing techniques, quality-control mechanisms
and incentive/participation strategies.

13. Crowdsourcing in business strategy and innovation management

Crowdsourcing is a tool that boosts knowledge management, product
development, and open innovation, among others [6, 14, 25, 43, 110-112].
Mechanisms used in the organization and technical means affect communities of
innovation and enhance the acquisition of information and performance [110]. Being
one of the central open innovation elements, crowdsourcing draws on ideas and
solutions, in contrast to outsourcing, and it deals with uncertainty and rewards [6, 25].
Customized innovation strategies are made possible by different models (internal,
community-founded, open, broker-mediated) [43]. Crowdsourcing helps in product
strategy with ideation, customer-focused design, and development between
businesses and customers in product development [14, 111, 112]. Its emergence has
highlighted its transformation of organizational forms and its assistance to all phases
of innovation management [112, 113]. Looking ahead, Table 7 outlines emerging
trends in strategic crowdsourcing, spanning changes in organizational forms, phases
of innovation management and patterns of networked innovation.

14. Internal vs. External crowdsourcing structures

There is internal and external crowd sourcing as approaches to the use of
collective intelligence. Internal crowdsourcing is used to leverage underutilized

Theme Key insights
Organizational forms Crowdsourcing is reshaping organizational structures and institutional logic
[113]
Innovation management Crowdsourcing supports all phases: search, select, implement, capture [112]
phases
Networked innovation Different crowdsourcing configurations enable flexible collaboration [43]
Table 7.

Emerging trends.
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Aspect Internal crowdsourcing External crowdsourcing
Participants Employees within the organization Individuals outside the organization (public,
customers)

Innovation focus Taps into underutilized internal knowl- Accesses diverse, novel perspectives and
edge and skills expertise

Incentives Often non-monetary (recognition, Can include monetary rewards, recognition,
collaboration) or PR

IP and Easier to manage, less risk of IP leakage = Greater risk, requires clear IP and confiden-

confidentiality tiality terms

Culture and Enhances internal transparency, breaks Builds external engagement, can improve

collaboration silos brand intimacy

Drawbacks Fewer “wildcard” ideas, risk of resis- Uncertainty in quality, integration
tance, less PR challenges

Source: Refs. [36, 54, 114, 115]

Table 8.
Key differences between internal and external crowdsourcing.

knowledge, address employees' more easily manageable intellectual property (IP),
and increase internal transparency. External crowdsourcing introduces a diverse and
new knowledge base, develops external relationships, yet assumes greater risk
regarding IP and quality [36, 54, 114, 115]. The implementation difficulties are
associated with managing functions and abrasion, sharing knowledge relationships,
and choosing a platform [116-118]. From a strategic perspective, internal
crowdsourcing promotes a flexible innovation and cooperation approach, whereas
external crowdsourcing induces disruptive concepts, outer commitment, and
motivations that support design efficacy [54, 119].

Table 8 compares internal and external crowdsourcing by contrasting
participants, innovation focus, intellectual-property risks and other key aspects that
influence the choice between these configurations.

15. Human capital, motivation, and community building in strategic
integration

The focal point of the strategic integration and organizational effect of
crowdsourcing is human capital, motivation, and community building, which
impacts participation, creativity, and sustainability [120-127]. Proper
crowdsourcing requires understanding both the profiles of workers and the design of
work [124, 127]. In some cases, intrinsic motivation can be more critical for creative
inputs, although both intrinsic and extrinsic motivations correlate with community
commitment and task design [120, 121, 125, 126]. The reward mechanisms are
expected to align with the motivations of the participants [125]. Participation and
creativity are enhanced by active community managers, platform trust, and the
possibility of social interaction and knowledge sharing [121, 122, 124, 126-128].

Table 9 summarizes how strategic elements—such as aligning participant
motivation, managing communities and designing platforms—translate into
different organizational outcomes in crowdsourcing initiatives.
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Strategic element Organizational implication

Motivation alignment Increases sustained participation and quality of contributions

Community management Enhances engagement, creativity, and knowledge-sharing

Human capital utilization Enables skill development, innovation, and organizational learning

Reward system design Optimizes participation and performance based on task and context
Table 9.

Strategic integration and organizational outcomes.

16. Managing intellectual property and ownership in strategic
integration

Because of the involvement of multiple contributors and varied tasks, ownership
and management of intellectual property (IP) are crucial as a key to the successful
implementation of the strategic integration of crowdsourcing [104, 129-135].
Organizations need to actively obtain IP rights and minimize legal risks and are free
to employ a passive stance, belong stance, bend stance, or sage stance depending
on the context [129]. The platforms adopt different models of IP transactions based
on the challenge and contributions [130]. Given that contradictions related to
ownership and rights of using IP often trigger conflicts, clearly stating terms and
conditions is a necessary measure [131, 132]. The rise of new structures takes into
consideration the use of blockchain to achieve traceability and trust, whereby they
need strong legal support [104]. The success of IP protection indirectly increases the
effort among the participants by elevating their extrinsic motivation [133]. The
ethical behaviors and the success of the projects are associated with the treatment of
IP rights, whereas security guarantees play a crucial role in trust and competitive
advantage [134, 135]. For practitioners, Table 10 sets out key considerations for
implementing strategic crowdsourcing, including clear intellectual-property
policies, tailored ownership models, appropriate participant incentives and the need
for legal and technical support.

17. Ethical, legal, and policy dimensions in strategic crowdsourcing
Strategic crowdsourcing focuses on ethical, legal, and policy-related aspects that

chart the design, implementation, and governance issues [9, 134, 136-142]. Data
privacy must be safeguarded, and transparency and autonomy are especially needed

Consideration Organizational implication
Clear IP policies Reduces legal risk, clarifies ownership, builds trust
Tailored IP models Aligns with project goals and stakeholders' expectations
Legal and technical support Ensures enforceability and operational efficiency
Motivation and fairness Enhances participation and project success

Table 10.

Key considerations for implementation.
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when working with sensitive data [134, 137-141]. Legal considerations concern what
IP rights can be applied, how different regulations are exercised (e.g., HIPAA), and
whether an entity is liable [134, 141, 142]. The process of policy development must
be stridently regulated and universally acceptable so as to respond to arising
concerns and universal injustices [9, 136, 137, 142].

Crowdsourcing also requires aspects such as data privacy [143, 144], proper
compensation [136, 145, 146], regulation [135, 136], and sustainability [147]. The
privacy issue of sensitive data dissemination requires privacy-preserving algorithms
and strong security measures [135, 143, 144, 147]. The differences in pay and labor
exploitation are dilemmas that should be addressed with different policies in the
future [137, 145, 146]. Adherence to various regulations present around the world is
an intricate issue, but it is associated with improved results [135, 136]. To be
integrated over an extended period, platforms must emphasize openness and
flexibility, which contribute to ecological objectives [147].

18. Challenges, limitations, and critiques in strategic crowdsourcing

Strategic crowdsourcing would encounter large-scale technical, organizational,
ethical, and operational repercussions [11, 17, 18, 24, 34, 148-151]. The varying skills
of the participants make quality control challenging, necessitating strongly built
validation and reputation control systems [11-18, 34] Ineffective task design and
instructions also result in low-quality work and loss of enthusiasm. Both data privacy
and data security questions remain open, particularly in mobile-based
crowdsourcing [17, 148, 149]. Compensation design is complicated; lack of adequate
pay can be de motivating to contributors [11, 17, 24]. The inexistence of common
workflows makes it inconsistent [18].

Complaints include worker exploitation, power imbalances, and unclear
ownership. Several services go bust as a result of weak strategy or poor
involvement, evidencing unforeseen adverse effects [150]. However, the
integration and scaling of crowdsourced solutions are still an issue, especially in
specific areas [17, 148, 151].

Table 11 compiles the major challenges confronting strategic crowdsourcing,
highlighting issues such as quality control, effective task design, privacy and
security, fair compensation, workflow consistency and equity.

Challenge area Key issues highlighted Citations
Quality control Diverse abilities, validation, reputation management [11, 18, 34]
Task design Clarity, decomposition, assignment, incentives [24, 11, 17, 148]
Data privacy Sensitive data, security, regulatory compliance [152, 148]
Ethical concerns Exploitation, power imbalance, unclear ownership [150]
Standardization Lack of workflows, inconsistent quality management. [18]
Scalability Integration, domain-specific challenges [151, 148]
Table 11.

Summary table: Major challenges in strategic crowdsourcing.
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Crowdsourcing Demographic Relationship Crowdsourcing is likely to encounter
quality control difficulties as different skills are involved, and potentially, one party
may act adversarially [18, 34, 93, 98, 153, 154]. Biases may be attributable to the
heterogeneity of participants, individual situations, and suspicion toward the
governance of the platform [155, 156]. The hazard of monopolization and limited
flexibility that platform dependency implies poses a threat of being monopolistic
[18]. Global participation is impeded by cultural and geopolitical barriers, which in
turn affect the quality and legitimacy of contributions [155, 156].

19. Emerging trends and the future of crowdsourcing

Crowdsourcing, in general, is a living trend, advancing with the spread of
applications, the development of technology, and the intensification of theoretical
knowledge [13, 24, 87, 113, 151, 154, 157-159]. Studies are dedicated to the theoretical
underpinnings, social capital, and value creation [12, 87, 113].

Crowdsourcing is being altered by the convergence of Al, blockchain, and
decentralized autonomous organizations (DAOs) [149, 160-167]. The
reorganization by DAOs using peer-to-peer interactions introduces risks to their
security and legal status [164-167]. Global challenges, such as smart mobility, are
being addressed with the increasingly frequent application of crowdsourcing
(often implemented through DAOs), which uses federated intelligence and
consensus mechanisms to make decisions at scale [168]. The benefits of hybrid
human-AlI collaboration models, which mix human creativity and the computational
capabilities of A, apply to complex and exploratory tasks and may produce new and
creative solutions [149].

To the future, strategic crowdsourcing will evolve the impact of future
technologies and socio-political forces. How these systems and governance inherent
to DAOs and blockchain-based reward systems will govern and/or ethically impact
VAT is still debated, but it is clear that trustless collaboration and the possibility of
granular attribution are possible [84]. Generative Al has led to the further disruption
of innovation pipelines, providing access to fast prototyping and scenario testing
but evoking fears regarding intellectual property, algorithmic bias, and job
displacement [50]. The risks can be reduced by using hybrid human-in-the-loop
human eye/artificial intelligence crowdsourcing systems that provide human-in-the-
loop validation and ethical supervision, and open additional collective intelligence.
Simultaneously, a transition to inclusivity, sustainability, and foreseeable policy
commonalities is needed in societal issues like global pandemics, shifts in climate
change, and socio-economic disparity where crowdsourcing initiatives are needed.
Future crowdsourcing frameworks should thus be required to accommodate
interdisciplinary expertise, commit to participatory governance, and consistently
evolve with changes in technological and cultural environments in order to be
effective.

This synthesis indicates that the phenomenon of crowdsourcing in the digital
economy should not be seen as a monolithic phenomenon, but rather as a spectrum
of socio-technical arrangements. Microtask platforms like Mechanical Turk are adept
at enlisting large numbers of contributors for the performance of small tasks at
a large-scale level; still, they at the same time provoke issues regarding fairness and
knowledge quality [9]. While open innovation contests leverage the
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multidisciplinary knowledge required for solving difficult problems, they have to be
carefully managed in terms of intellectual property and reputational motivations
[34]. Crowdfunding and co-creation activities democratize the financial and
construction processes but rely on trust, transparency, and unambiguous
governance processes to prevent opportunism [9]. Citizen science and internal
crowdsourcing have the potential to include volunteers and employees, respectively,
in novel ways of scientific progress and organizational learning.

Strategically, crowdsourcing refreshes the setup of innovation and governance by
breaking the boundaries between producers, consumers, and citizens. When
designed well, crowdsourcing offers benefits such as speeding up product
development, identifying latent needs, involving stakeholders in policy co-creation,
and producing novel data streams for public services. On the other hand, misaligned
incentives, poor quality control, and unclear decision-making can destroy trust and
consolidate existing imbalances [9].

The combination of AI and blockchain increases these dynamics by enabling
complex operations of task allocation processing, reputation features, and distributed
administration. Yet, these technologies also raise potential problems concerning
algorithmic prejudice, privacy issues, as well as the concentration of control [34]. Our
unified framework highlights the fact that the efficacy of strategic crowdsourcing is
maximal only when organizations ensure that the typology is appropriate to the kind
of problem being addressed, that there are equitable and transparent incentives,
quality assurance mechanisms are deployed as appropriate, and that the ethical and
legal ramifications are considered at every point along the way.

In the future, crowdsourcing research and practice need to pivot away
from descriptive case studies and toward comparative and theorizing activities.
Future studies should explore the mediation of the relationship between the
typology of crowdsourcing and the innovation outcomes by different governance
models (i.e., hierarchical, participatory, or decentralized) [9]. More work needs
to be done looking at how hybrid human-AI systems might utilize creativity
and decision-making without marginalizing human participants [34].
Additionally, there seems to be a need for cross-cultural analyses to highlight the
way digital inequalities, regulations, and cultural norms influence participation
and value creation. By adopting a set of methodologies that are integrative and by
placing crowdsourcing in wider socio-technical frameworks, researchers and
practitioners can realize all the transformative potentials of crowdsourcing while
decreasing associated dangers. Finally, Table 12 lists open issues and future
challenges for strategic crowdsourcing, covering task design and incentives,
privacy and ethics, large-scale deployment, human-AI collaboration,
cross-cultural differences and future research directions.

Area Key future directions and challenges

Task design and incentives More effective, adaptive, and fair mechanisms needed

Privacy and ethics Enhanced privacy-preserving and ethical frameworks

Large-scale deployment Addressing scalability and real-world integration

Theoretical development Deeper inquiry into organizational and social impacts
Table 12.

Open issues and future challenges.
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20. Conclusion

Strategic crowdsourcing is one of the key players in the realm of the digital
economy, as it is regularly transformed through the adaptation of collective
intelligence into various applications and innovation results. While it has the
potential to make great positive contributions in terms of efficiency and problem-
solving, its successful application needs to overcome complex issues related to
quality control, ethical labor practices, intellectual property, and the integration of
technology. The future of crowdsourcing points to even more advanced hybrid
models that utilize Al and blockchain, offering unparalleled potential for
decentralized cooperation and tackling global challenges, provided these inherent
complexities are effectively addressed.

Based on the synthesized framework and evidence, it could be concluded that
strategic crowdsourcing is best conceived as a socio-technical system, which needs to
be governed and designed thoughtfully rather than as the ad-hoc outsourcing of
tasks. The success of a crowdsourcing scheme is related to a proper alignment
between typology, incentive mechanisms, technological infrastructure, and the
larger institutional setting. Micro-tasks bring efficiency, open-innovation contests
stimulate creativity, crowd funding resources, and citizen science democratize
knowledge; and each model comes with trade-offs in relation to quality, fairness, and
intellectual property.

For practitioners, this analysis highlights the need to invest in platform
governance, transparency, design of incentives, quality control, and ethical
safeguards. For researchers, that suggests the usefulness of integrative and
comparative approaches, hybrid human-Al models, and a more careful study of the
interaction of crowdsourcing with emergent technologies such as blockchains and
large language models. Ultimately, it will be the use of crowdsourcing for purposes of
innovation and policymaking that most contributes to good governance when
encouraged as an inclusive process respectful of the rights of potential (or existing)
contributors and embedded in reflexive governance structuring that can adapt to
changing digital ecosystems.
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Abstract

This chapter presents the collaborative strategy developed for the creation of
ComplexHub, a digital space for the construction, evaluation, and dissemination of
open educational resources (OER) on complex thinking and computational thinking.
This project originated to meet the demand of the Spanish-speaking population for
resources available to lifelong learners, especially for the development of these two
meta-competencies. The document presents the background of the project, the stages
of development and conception, the collaboration strategies with different actors and
institutions involved, and the functionalities enhanced by artificial intelligence to
make this project a sustainable resource over time without requiring human
resources for the evaluation and classification of the resources. Additionally, the
effectiveness of collaboration strategies is analyzed, considering UNESCO
recommendations and trends in this area. The results and conclusions are presented
as a valuable resource for projects that require collaborative initiatives, where the
contexts allow the development of OER with generative tools and in development
contexts.

Keywords: open education, open resources, digital hub, educational innovation,
lifelong learning

1. Introduction

The Complex Thinking Education for All (CTE4A) is a project developed by an
interdisciplinary research group from the Institute for the Future of Education of
Tecnolégico de Monterrey, a Mexican university. It aims to build a digital
collaborative medium that facilitates offering training in complex thinking (CxT) [1]
and computational thinking (CT) [2] for lifelong learners. This project is a response
to the upskilling needs [3] of professional adults and the demands of the working
market. It also acknowledges the necessity for the development of specific
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competencies that allow professionals to interconnect elements of reality with high-
level solutions [4]. This platform, conceived as a digital learning hub (DLH) [5], is
designed to host and promote the creation of open educational resources (OER)
aimed at fostering the development of CT subcompetencies across both disciplinary
and cross-cutting themes. The processes of creating, evaluating, and disseminating
these resources will be supported by a range of capabilities and services, including
artificial intelligence (AI), generative tools, multimedia content, and interactive,
gamified user interfaces. All of this is framed within an Education 5.0 paradigm [6],
where human-centered design and equitable access are fundamental principles.

The CTE4A project is designed to meet the lifelong learning needs of companies,
public institutions, and individuals by providing educational experiences ranging
from introductory to advanced levels. Its core value lies in creating an open and
collaborative space for the development, assessment, and training of CT
competencies. By integrating academic, industrial, and governmental perspectives,
the project aligns with the sustainable development goals (SDGs) [7], with a strong
commitment to ensuring inclusive and accessible content — particularly for
vulnerable populations and with a focus on gender equity.

The CTE4A research group has been developing the ComplexHub as a platform-
as-a-service [8] since 2024. The platform is built as a DLH, holding diverse
functionalities and features to provide the following: (i) a hub for experts in CT
research to assemble a network; (ii) methodologies and generative tools to create
multichannel content; (iii) learning experiences and programs offered as micro-
credentials and to train for certifications; and (iv) OER evaluation and validation
tools. The OER and access are offered for individuals, academia, industry, civil
society, or government, in open-source or on-demand tailor-made modalities.

This chapter is organized to provide, first, a theoretical grounding in the
competences of complex and computational thinking as guiding paths for education
in sustainability. The following section presents the project’s relevance and the
methodology followed to involve relevant stakeholders who have been engaged in
the ComplexHub platform's design and development. The final section is
a presentation of the platform and the preliminary results of the project.

2. Complex and computational thinking for sustainable development

Contemporary challenges related to sustainable development require developing
better capacities to understand our reality and its complexity. In the search for
potential solutions to global issues such as hunger, drought, quality education,
equity, and wildlife protection, among others, humanity has discovered that we need
to change our educational approach [9]. Becoming aware of our still limited
capabilities as a society has made institutions turn their attention to new approaches
in education [10]. Complex and computational thinking for sustainable development
is one of them. Introducing these competencies to lifelong learning programs and
higher educational curricula allows us to facilitate our understanding of
interconnections between elements of reality while increasing our problem-solving
capabilities. It also fosters a systemic perspective, allowing an improved scenario
analysis to set the conditions for potential anticipation. Incorporating data-driven
decision-making facilitates automating some mechanical tasks, increasing
companies' and institutions’ efficiency, and bringing innovative strategies for
collaboration across disciplines.
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2.1 Complex thinking

The open educational model for CxT promotes the development of four key
cognitive abilities: critical, systemic, scientific, and innovative thinking [4]. This
model organizes learning around four components: philosophical, theoretical,
educational, and political. Each component plays a specific role in helping students
solve problems, make informed decisions, and understand complex situations. The
model supports accessible and inclusive education, designed to work across various
learning environments. It focuses on real-world learning scenarios and includes
tools, resources, and actors from education, government, industry, and society. The
conceptual foundation of [4] aligns with the work of Edgar Morin, who emphasized
that CxT involves recognizing interdependence, uncertainty, and contextuality in
addressing real-world problems [11]. Morin argues that education must move
beyond fragmented knowledge to improve integrative and reflexive reasoning
capable of linking diverse domains of understanding [12].

Research shows that CxT is not one skill but a set of connected abilities. Silva
Pacheco and Iturra Herrera [13] define it as a group of mental processes that students
can develop through guided educational practices. They created a valid instrument
called CTAI to measure these skills. Their findings show that structured
measurement tools help evaluate how students progress in thinking abilities during
their studies. Portuguez-Castro and Ramirez-Montoya [14] applied an educational
approach that uses Scrum and circular economy models. Their study with graduate
students found improvements in how learners apply critical, scientific, and
innovative thinking. These students also learned to design solutions that support
sustainability. The authors showed that active and creative teaching methods
improve how learners understand problems and propose responsible solutions. Xu
et al. [15] analyzed 60 studies to examine the effects of educational interventions on
thinking and performance skills. They found that teaching models such as 4C/ID
help learners build CxT. Their findings support the use of well-planned instructional
strategies and technology to help students learn advanced skills.

In this sense, Promma et al. [16] studied accounting students and found that Al
literacy improves systematic and intuitive thinking. These abilities directly support
problem-solving. Their results highlight the need to teach Al-related skills to prepare
students for digital tasks. Students who understand Al concepts are better able to
think critically and solve problems in digital environments. Suarez-Brito et al. [17]
studied engineering students and found that gender, academic stage, and school
background influence how students perceive their own thinking abilities.

Similarly, Medina-Vidal et al. [18] found that male and female students often
differ in how they develop and report their thinking skills. These results suggest that
educators should design inclusive learning environments that support all students in
developing these skills. Castillo-Martinez et al. [19] tested an Al platform that
measures CxT. Their study found that personalized feedback increased student
motivation. The platform helped learners improve critical, scientific, and innovative
thinking. These results show that digital tools can support the development and
assessment of thinking skills. Sanabria-Z et al. [20] argue that researchers need CxT
to connect open science and open innovation. Their study showed that open data
alone do not lead to innovation. Researchers must learn how to work across
different sectors and understand how to use shared knowledge. They suggest that
developing CxT in researchers improves communication and collaboration.
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Ibarra-Vazquez et al. [21] explored the link between social entrepreneurship and
CxT. Their study found that students who engage in entrepreneurship activities tend
to improve their thinking skills. They also showed that prior family experience in
business has a smaller impact than hands-on practice.

Moreover, Stoev and Stoeva [22] proposed a teaching method for engineering
students that uses real-world problems to support thinking development. They argue
that training students to solve real challenges prepares them better for their careers.
Their method combines creativity and knowledge from different fields. Ramirez-
Montoya and Portuguez-Castro [23] validated the open model of CxT in three
countries. Participants viewed the model as useful for training future citizens. They
recognized that the model prepares learners to think in ways that support long-term
solutions and responsible action. The open model includes actors from education,
society, business, and government [4]. It uses flexible learning tools such as micro-
credentials, learning technologies, and interdisciplinary methods. It also calls for
policies, funding, and institutional support to sustain the development of thinking
skills. Together, these elements support a shared vision of education that helps
learners think clearly, solve problems, and act responsibly.

Complex thinking plays a vital role in advancing sustainable development by
equipping learners with the cognitive tools necessary to understand, evaluate, and
respond to environmental, social, and economic challenges. Studies show that
critical and scientific thinking are essential to improving awareness and
responsibility in sustainability-related contexts. Khasanah et al. [24] demonstrated
that dialogic education, through structured collective and deliberative dialog,
significantly improved students’ abilities to analyze, interpret, and make inferences
about real-world sustainability problems such as ocean pollution and air quality. This
process also strengthened dispositional aspects of critical thinking, such as truth-
seeking and open-mindedness, which are necessary for responsible decision-making
in sustainable development.

Similarly, Khuadthong et al. [25] found that scientific literacy directly supports
the development of sociological and critical thinking skills, which, in turn, enhances
sustainable tourism awareness among younger populations. Their findings suggest
that educational initiatives linking literacy and reasoning skills can guide behavioral
shifts aligned with sustainability goals. Moreover, systems thinking contributes to
sustainable outcomes in organizational contexts. Abonguie et al. [26] reported
increasing global interest in applying systems thinking to support the sustainability
of small- and medium-sized enterprises, revealing its value in understanding long-
term business performance.

In corporate environments, Olazabal and Wyatt [27] showed that evaluative
thinking tools such as theory of change and impact frameworks help organizations
make reflective and sustainable decisions. Furthermore, Leal Filho et al. [28]
highlighted how design thinking — when linked to circular economy principles —
helps develop practical and scalable sustainability solutions. Their study underlines
the relevance of design-based, human-centered problem-solving for implementing
the United Nations SDGs. Altogether, these findings confirm that CxT improves the
development of critical awareness, strategic reflection, and practical innovation, all
of which are necessary to design and evaluate actions that support sustainable
futures.

In summary, CxT serves as a foundational competency for sustainable
development by enabling individuals and organizations to critically analyze
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challenges, make informed decisions, and implement effective, responsible, and
context-specific solutions aligned with long-term sustainability goals.

2.2 Computational thinking

Computational thinking is a problem-solving process involving skills such as
abstraction, decomposition, pattern recognition, and algorithmic design. Wing [29]
originally positioned CT as a fundamental skill for everyone, not just computer
scientists. It encompasses cognitive abilities that transcend programming and enable
learners to conceptualize problems in a structured, systematic way. Over time, CT
has evolved as a critical twenty-first-century competency, integral to digital literacy
and education across disciplines. Theoretical models such as (TPAC)2K expand on
the foundational TPACK framework, emphasizing the integration of CT in
pedagogical practice to facilitate digital creation and interdisciplinary application
[30]. These foundations establish CT as a cognitive framework and also as
a transversal educational strategy with implications for lifelong learning and
technological adaptability.

Recent studies have significantly enriched our understanding of how CT can be
developed across educational levels and contexts. Robledo-Castro et al. [31]
demonstrated that CT training, combining unplugged and plugged activities, leads to
measurable improvements in executive functions such as working memory and
inhibition in primary school children. Similarly, Moreno-Leén et al. [32] conducted
a large-scale study validating the efficacy of unplugged methodologies for CT
development in preschool and primary students, with results showing significant
gains in core CT concepts such as sequencing and conditionals. Reinhold et al. [33]
found that programming entire paths using Scratch and LEGO® robotics-enhanced
CT comprehension among second and third graders compared to traditional verbal
methods. These studies support the notion that early CT instruction improves both
cognitive and metacognitive development, even in low-resource contexts.

Teacher preparation also plays a critical role in scaling CT instruction. Yang [34]
proposed a three-phase professional development model, CT4ECE, which effectively
increased early childhood teachers’ CT-related pedagogical knowledge and
classroom engagement. Kong et al. [35] emphasized sustained teacher development,
showing that embedded experiences and multiplatform environments enhance
educators’ understanding of CT, data structures, and procedures. Furthermore,
Listiaji and Molndr [36], through a systematic literature review, outlined the
dominance of plugged activities and visual programming in teacher education while
calling for diversified CT models and evaluation strategies. Monteyne et al. [37]
contributed by developing an IRT-based instrument to measure teachers’ CT content
knowledge, providing a robust framework for assessing professional readiness.

Several studies further explore CT’s integration into subject-specific learning and
interdisciplinary contexts. Yeni et al. [38] analyzed diverse strategies for embedding
CT into subjects such as language arts and biology, finding that students’ prior
programming experience shaped their receptiveness to CT. Aksakal and Kucuk [39]
used a problem-based learning approach to demonstrate the enhancement of CT,
collaboration, and project quality in secondary students. Xu et al. [40] found that AI-
enhanced educational media can scaffold children’s CT development when
narratives and dialogs are designed to connect with CT cycles. Schlauch et al. [41]
expanded the scope by proposing “narrative computational thinking” through digital

81



Crowdsourcing — Innovations in Digital Collaboration

storytelling, promoting CT as a medium for narrative creation. These
interdisciplinary insights reveal CT’s versatility as a cognitive scaffold across
contexts.

CT is cognitively valuable, and it is also pedagogically adaptable to diverse learner
profiles. Troiano et al. [42] applied multilevel modeling to show that factors such as
Scratch experience, teacher expertise, and game genre significantly predict CT
outcomes in constructionist game-based learning. Aldemir et al. [43] found that XR-
enhanced maker spaces support CT development among non-CS preservice teachers
through iterative design, rule-mapping, and micro-debugging. Sun and Liu [44]
compared Python-based and Scratch programming approaches and found that both
enhanced CT in sixth graders, with Python producing deeper, sustained effects.
These findings align with Yang et al. [45], who caution that coding skills do not
automatically translate to CT, emphasizing the need for purposeful pedagogical
design.

Moreover, several studies have explored the relationship between CT and higher-
order thinking. Wang et al. [46] conducted a scoping review that identified working
memory, reasoning, and algorithmic fluency as cognitive abilities with transfer
effects to CT. Sa Yang et al. [47] developed a multimodal diagnostic model to
evaluate CT mastery, revealing that abstraction remains the most difficult
component for students. Rahimi and Sevilla-Pavén [48] examined CT in language
learning via virtual exchanges, demonstrating that pattern recognition and strategic
abstraction in language tasks support sustained learner engagement. Falloon [49]
further validated structured CT curricula in early primary education, revealing that
sequencing and algorithm development are achievable and beneficial for six-year-
old learners. These findings affirm that CT development is closely linked to cognitive
and metacognitive gains that extend beyond the digital domain.

Finally, CT holds promise as a critical enabler of sustainable development. CT
promotes systems thinking, decision-making under constraints, and scenario-based
modeling, all of which are essential for addressing complex societal challenges such
as climate change, energy transition, and equitable education. Barricelli et al. [50]
introduced the construct of EUDability, linking end-user development with CT to
empower nonprogrammers in shaping technological tools for workplace
sustainability. Similarly, embedding CT in educational initiatives enables learners to
simulate sustainable practices, model ecological systems, and design adaptive
solutions aligned with the SDGs. Integrating CT with sustainability education
promotes a generation equipped to understand interdependent systems, evaluate
long-term consequences, and act responsibly within local and global contexts.

3. Project relevance

In the current paradigm of knowledge-based economies, lifelong learning is an
effective approach to increase competitiveness and be actively involved in the global
economy [51]. In this perspective, knowledge economies' key components rely on
intellectual capabilities rather than physical inputs or natural resources [52], scaling
human resources capabilities up as the core of attention for companies,
governments, and civil society. The beneficiaries of this project will be adults,
regardless of their digital skills and in the position to use a digital tool to learn.
Various resources and media will be offered through a wide range of channels,
providing a proper learning experience adapted to each person’s capabilities.
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With the rapid development of e-learning and the application of information and
communication technologies (ICTs) as a fundamental resource to increase
knowledge, an increasing gap among adults has been created between those with
a stimulating environment for self-development and those without. The advantages
of e-learning and ICTs are their convenience and availability; however, certain
requirements must be fulfilled to access the content and the channels where these
resources are offered. It has been analyzed and proven by many authors and studies
that sociodemographic factors, gender, age, disabilities, or location plays a relevant
role in the effectiveness of e-learning [53].

Regarding access to training with OER, numerous organizations have undertaken
notable efforts to crowdsource educational resources and foster accessible learning
ecosystems, offering valuable points of comparison and inspiration for the present
project. For instance, Acumen Academy provides OER and training focused on social
change, reporting an investment of over $135 million to support 136 social
enterprises across Africa, Latin America, South Asia, and the United States [54].
Similarly, Khan Academy has become a global reference in nonprofit education,
offering free, high-quality content across disciplines such as mathematics, science,
history, humanities, and life skills, complemented by personalized learning paths
and teacher-empowering tools [55].

Additionally, the CxT Academy — launched in 2018 - offered workshops and
educational initiatives aimed at developing and evaluating a conceptual framework
for CxT, alongside the identification of relevant tools and resources [56]. However,
its online activity appears to have ceased after 2021, with limited engagement
recorded. Lastly, the MIT Open Learning initiative [57] exemplifies a collaborative,
global approach to educational innovation, working with diverse stakeholders to
expand access, enhance learning outcomes, and drive societal impact. These cases
reflect a broader ecosystem of crowdsourced knowledge production, from which this
project draws lessons and seeks to contribute by integrating their best practices and
expanding collaborative networks. Still, during the conceptualization of the CTE4A
project, to the best knowledge of the research team, there were no strong initiatives
to deliver OER and content in CT for Spanish speakers.

Additionally, the collective experience and network of our research group
members allow us to build a strong, diverse network of specialists in this topic while
creating a specialized knowledge repository from our own research, partner
institutions, and project collaborators. This would lead to state-of-the-art CT
training for adults. Our research group embodies a variety of profiles and areas of
expertise, making it possible to lead the construction, evaluation, selection, and
dissemination of the resources to be inserted into the ComplexHub as a path to
achieving a relevant position in the international context regarding this topic. We
also have the involvement of experienced researchers, early-career researchers, and
doctoral students from computational and educational disciplines involved in the
project. This project is led by Tecnolégico de Monterrey’s researchers, who are
leaders in research on CT topics. Additionally, valuable research partners from
public Mexican institutions and institutions outside Mexico — from Guatemala,
Colombia, Peru, and Spain in the Spanish-speaking world — have closely collaborated
with the project. Furthermore, occasional collaborators from the University of Leeds
and King’s College in the UK, and the Massachusetts Institute of Technology in the
United States, have contributed their expertise in the development of applications of
Al technology and have helped start building the network.
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4. Methodology

This project adopts the challenge-based research (CBR) methodology [58],
engaging in a collaborative and transdisciplinary process with a diverse range of
stakeholders. It is structured as a dynamic and strategic network oriented toward
cocreating OER that addresses complex societal challenges — particularly those
related to SDGs in the context of an evolving knowledge society. By fostering
partnerships among academia, industry, and civil society, the initiative promotes an
integrated response to contemporary educational demands.

A distinctive feature of the project is the integration of generative Al to support
the creation, adaptation, and evaluation of OER. These resources are developed in
alignment with the principles of Education 5.0, which emphasize human-centered,
inclusive, and technologically enhanced learning environments. The quality
assurance process for OERs is participatory by design, involving active contributions
from partner institutions and community members. This inclusive model not only
strengthens the reliability and contextual relevance of the resources but also
broadens the project’s impact through network expansion, knowledge exchange, and
sustained dissemination.

In addition, being an educational innovation project, research is conducted,
testing the ComplexHub and its content in real scenarios. The methodological
approach to gather and analyze the collected data from this process will always
employ mixed methods, integrating statistical analysis (quantitative) of the complex
reasoning competence achievement, participants’ profiles, and behavioral data, with
observations, interviews, and usability analysis (qualitative) to validate the user
experience and its adequacy to the cultural context. The purpose is to validate the
development of competences to foster adequate responses to critical technosocietal
issues aligned with sustainable development and lifelong learning.

4.1 Stakeholders

This network has been formed to assemble, generate, collect, and evaluate the
content and technological solutions development that will make the implementation
possible. To bolster both user experience and sustainability, we have meticulously
formulated a holistic strategy that places paramount importance on engaging key
stakeholders from the outset of project development through the intervention phase
for user experimentation. Our approach emphasizes forging connections with
stakeholders at the local, national, and regional levels, encompassing a wide
spectrum of interests, including academia, business, community, and government.
The project’s main stakeholders are as follows:

1. Academia: The potential for enriching lifelong competencies among both
current and former students lies in the provision of a DLH. This service not
only allows our alumni to maintain a lasting connection with their alma
mater but also fosters a sense of belonging. Sustaining this lifelong link
contributes significantly to strengthening the enduring relationship between
the university and its graduates. Furthermore, extending these opportunities
to include enrolled and graduated students from other universities, both
nationally and internationally, broadens the spectrum of stakeholders
involved. Fostering collaborative relationships extends beyond traditional
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academic pathways. We cultivate strategic partnerships by facilitating
postgraduate and postdoctoral exchanges, as well as mobility scholarship
programs. Furthermore, we actively engage in impactful global dialogs,
participating in influential international forums such as prestigious confer-
ences and congresses.

2. Business/industries: The exponential growth of multinational corporations
in Mexico has introduced a fresh array of challenges for skill development
institutions. Additionally, lifelong learning emerges as a pivotal solution for
entrepreneurial ventures. The ComplexHub seeks to partner with business
and industrial leaders and emerging entrepreneurs to establish a dynamic
tool for their training and developmental initiatives.

3. Communities: This project seeks to generate meaningful impact across
diverse social contexts by actively engaging marginalized and underserved
communities. Through the provision of accessible lifelong learning oppor-
tunities, it equips individuals with essential and future-ready skills. By
fostering capacity-building and inclusion, the initiative supports the socio-
economic advancement of disadvantaged groups, enabling them to pursue
employment in competitive global markets — including multinational enter-
prises — and ultimately improving their quality of life and community well-
being.

4. Government: Public entities’ participation as a key stakeholder enhances
the project’s reach and influence. It aligns with governmental goals, fosters
inclusivity, and supports competency certification. The initiative serves as
a valuable resource for advancing skills in diverse sectors, especially through
our strong collaborations with the Secretariat of Education, Science,
Technology and Innovation of Mexico City and the Mexican Secretariat of
Science, Technology and Innovation.

4.2 Work phases

The methodological process and the key activities for the CTE4A project started
in January 2024 and are projected to conclude in December 2026, through the
development of three continuous phases, described as follows:

Short term (January-December, 2024): This finalized stage allowed for
a deeper conceptualization of the project’s objective and expected impact through
the understanding and definition of the platform's features and capabilities in six
strategic activities:

Benchmark and market analytics: A comprehensive review was conducted to
analyze comparable initiatives, identify best practices, and map direct competitors,
providing critical insights into the positioning and innovation potential of the
project.

Certification standard development: The methodology of CONOCER, the
National Council for Standardization and Certification of Labor Competencies in
Mexico, was applied and pilot-tested to create a professional certification standard,
ensuring both alignment with national qualifications frameworks and the formal
approval process for validation.
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Platform structural design: Through participatory design processes with the
extended research group, the core structure of the digital platform was defined,
including essential functionalities, user experience pathways (see Figure 1), and
resource integration.

Pedagogical model: A pedagogically sound model was developed, incorporating
content architecture, educational resources, and delivery channels, all guided by
principles of accessibility, relevance, and flexibility.

Validation: For the evaluation of the platform, the Smart Usability instrument
was developed and validated [59] in diverse learning environments to assess both the
effectiveness of the content and the inclusiveness of the learning experience.

Academic production: Scholarly dissemination accompanied each phase,
contributing to the body of knowledge on digital education, certification, and
inclusive innovation. The full up-to-date report on the results can be found in the
Final Report Stage 1 [59].

Medium term (January-December, 2025): Current development phase. This
stage represents a critical period for consolidating the foundations of the project and
transitioning from conceptual design to operational deployment. It comprises four
key strategic actions:

Technology profiling: Detailed specification and profiling of the platform’s
technical functionalities are being conducted to ensure the system meets user needs,
integrates seamlessly with educational workflows, and supports the development
and evaluation of OERs enhanced by Al The platform is designed to automatically
evaluate uploaded resources from content creators (Figure 2) before they go through
a peer (human) evaluation process. Every participant with at least a master’s degree
can evaluate a resource based on an invitation received from the platform’s system.
Once a human has evaluated the resource, a “Human Evaluated” badge will be
displayed with the resource.

Business model definition: The formulation of a sustainable business model
includes the identification of revenue channels, value proposition, service
architecture, and knowledge transfer strategies. Emphasis is placed on balancing open
access with economic viability to support long-term operations and innovation [60].

Network formation: A structured process for building a multisectoral
collaboration network is underway. This includes issuing formal invitations, signing
agreements, and securing letters of intent from higher education institutions, local
governments across Mexico and Latin America, and private-sector partners. These
alliances are a key to scaling the project’s impact and contextual relevance.

Funding applications: Proposals are being submitted to international funding
agencies, philanthropic organizations, and corporate sponsors to secure financial
support for platform development, resource creation, and pilot implementations.

Long term (January-December, 2026): The long-term phase of the project is
oriented toward consolidation, scaling, and systemic integration of its core
components. This stage includes three strategic developments designed to ensure
sustainability, relevance, and institutional adoption as follows:

Index building: A specialized instrument will be developed to assess and rank the
level of CT development promoted by the educational resources integrated into the
platform. This index will enable continuous quality monitoring and provide actionable
insights for learners, educators, and content developers. It will also foster a culture of
evidence-based improvement within the ecosystem of open educational practices.
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All Educational Resources to Evaluate

Upload Creator
Title Date Attachments by Status Actions

Fundamentos de Programacion en 2025- 1 Hugo Jair  pending
Python 10-08 quintal

Evaluate 16:37:57

Educational

Reésources Resolucién de Problemas con 2025- Rasikh pending
Pensamiento Computacional en 10-07 Tariq
Contextos Universitarios 17:13:12

Introduccion a las Bases de Datos ~ 2025- Hugo Jair ~ pending
10-07 quintal
16:41:00

Introduccién a la Programacion en 2025- Hugo Jair  pending
Python 10-07 quintal
16:37:36

Figure 2.
Board of evaluated resources with the Al-powered quality assessment tool.

Certification credentials: A formal structure for the CONOCER standard for
complex and computational thinking was submitted, aimed at validating
competencies acquired through the platform. This credential will target diverse
stakeholders — including educators, professionals, and students — seeking official
recognition of their transversal and higher-order thinking skills in alignment with
national labor competency standards.

Training programs: Customized training modules will be developed and offered
on a fee-based model to government agencies, private companies, and other
organizations. The platform retrieves the preferences and profile of learners
(Figure 3), so it can offer tailored learning paths for each profile and type of user.
These programs will focus on the application of CT in real-world decision-making
contexts, fostering organizational innovation, strategic foresight, and sustainable
development practices.

5. Results

To this date, in mid-2025, the CTE4A project has achieved relevant results.
Regarding the ComplexHub platform (Figure 4) development process, a series of
collaborative and analytical activities were carried out to ensure its relevance,
functionality, and inclusiveness. Across participative conceptualization meetings
held with representatives from diverse institutions, we defined the vision and
purpose of the platform, drawing upon collective expertise and insights from
previous project experiences to guarantee an unbiased and comprehensive
approach. Supporting this activity, a comparative review of functionalities from 25
existing platforms was conducted, resulting in a detailed report recommending key
features aligned with the project’s goals. An evaluation of usability and
accessibility was also performed, applying recognized standards (such as WCAG)
to identify strengths and areas for improvement, with the aim of ensuring an
intuitive and inclusive user experience. Finally, a functional platform is ready to be
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Complexhub Explore Language ~ | Login [Regis(er‘

Welcome to Complexhub

The platform that helps you leam in an easy and fun way.

& Content Creator @ Evaluator

Share your knowledge by uploading educational Review and evaluate resources to ensure quality and
resources and help others learn. support the community.

Manage users, resources, and platform settings to Browse, learn, and participate in the platform to grow
keep everything running smoothly. your skills and knowledge.

&+ Register and start learning!

Figure 4.
Welcome page at: https://complexhub.net/.

tested with a group of experts and diverse users to ensure that it provides valuable
benefits for our learning community.

Another relevant result is the design of the instrument to evaluate the usability of
the platform and its validation through expert judgment. The instrument is based on
areview of the literature to identify similar instruments, where emphasis was placed
on the dimensions evaluated by the instrument and whether it had a reliability
analysis. The pilot testing for refinement was conducted with Tecnolégico de
Monterrey pregrade students from different disciplines across Mexico. This
instrument is ready to be included in the ComplexHub to evaluate its usability from
the user’s perception, including inclusion and evidencing the possible contribution
to learning, ensuring an optimal and effective user experience.

As part of the project’s dissemination strategy, two key activities were carried
out to promote visibility, foster dialog, and engage with broader audiences.
Activity 1 focused on the planning and implementation of the first series of
webcasts aimed at presenting the project’s objectives, initial findings, and progress.
A dedicated website (https://www.research4challenges.world/webcast-2024) was
created to compile all recordings and interactive sessions, supported by a content
plan for social media that included a consistent visual identity across promotional
materials, the website, and registration forms. Activity 2 involved the planning and
execution of interactive sessions with students and potential users to discuss the
relevance of the ComplexHub and the learning routes participants would follow in
it. Two expert sessions were conducted in November and December 2024, and the
insights gathered were also integrated into the dissemination website. Careful
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coordination ensured that both webcasts and expert sessions complemented each
other without overlap. The impact was tracked through website metrics: The first
webcast page received a total of 480 views, and the second, 492 — mostly from
Mexico, Colombia, and Guatemala — while the project received more than 2,800
views across social media sites and visits to the subsite, reflecting growing regional
interest.

The research derived from this collaboration has produced 30 academic
publications on a wide range of topics, reflecting a strong convergence around the
advancement of CxT, the use of Al in education, and the validation of instruments
to assess transversal competencies. Several studies highlight the role of adaptive
learning systems and user profiling in fostering higher-order thinking, while others
explore the psychometric validation of instruments to measure competencies in
university students. The effectiveness of Al tools such as ChatGPT to support
flipped learning and the development of lifelong learning paths underscores the
relevance of integrating generative Al in educational innovation. In parallel,
multiple studies confirm the importance of gender, diversity, and well-being in
learning environments, as well as the contribution of engineering, health, and
business education to the development of CxT. A significant number of
publications also focus on Education 5.0, platform usability, and the design of
learning ecosystems, showcasing cross-institutional collaboration and
international coauthorship. Collectively, these findings inform the ongoing
development of the ComplexHub platform, certification pathways, and training
models, providing a robust research-based foundation for decision-making, policy
alignment, and impact measurement.

6. Conclusions

This chapter presents a CBR project developed to meet the demand of Spanish
speakers for open and quality complex and computational thinking educational
resources. It offers the opportunity for the Hispanic community to access and
collaborate in the creation of updated, open, and quality resources to develop two
meta-competences: complex and computational thinking. The chapter outlines the
project’s background, development stages, and the conception of its core
functionalities. Collaboration is the core of this project; it is positioned as
a foundational value, drawing on the expertise and perspectives of stakeholders from
diverse sectors, countries, disciplines, and career moments. Through the design and
development of the ComplexHub platform, we have been able to achieve actionable
tools to automate activities within the platform’s functionalities to make it
sustainable in the long term and to enhance the network of participants in any role:
educators, learners, content creators, or evaluators.

The CTE4A project is still in progress, although the results presented offer
valuable insights for initiatives that require collaborative and open approaches,
particularly in contexts where generative tools can enhance the creation of relevant
and sustainable educational resources. This work aims to contribute meaningfully to
ongoing discussions on the integration of Al strategies to support sustainable open
education projects. In the long term, such efforts can promote the development of
key workforce competencies and enhance society’s capacity to respond to the
complex challenges of our time.
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Chapter 5

Crowdsourcing and the Creation of
a Historical Reference Tool

Thomas Dublin

Abstract

This chapter provides a detailed description of the crowdsourcing process
employed in assembling the Online Biographical Dictionary of the Woman Suffrage
Movement in the United States, a freely accessible online database consisting of more
than 3,760 biographical sketches of grassroots woman suffrage activists in the United
States. Following a methodology section, it proceeds to a collective biography of
more than 450 Black women suffragists included in the database, offering
a comparison of Black women suffragists in the 1870s with a similar cohort from the
1910s. Analysis of the biographical sketches illuminates the tremendous growth over
five decades and emphasizes how woman suffrage for Black women activists was
embedded in broader campaigns for full citizenship for African Americans.

Keywords: crowdsourcing, biographical sketches, Black women’s activism, woman
suffrage, race and gender, segregation, civil rights

1. Introduction

The Online Biographical Dictionary of the Woman Suffrage Movement in the United
States (OBD) is an online research resource that emerged from work on the online
journal Women and Social Movements in the United States since 1600 (WASM) over 15
years, 2010-2025. This database provides biographical sketches of more than 3,760
grassroots women suffragists active principally in the period 1890-1920. The OBD
can be accessed at https://documents.alexanderstreet.com/VOTESforWOMEN.
While I have published earlier in-process pieces discussing preliminary findings from
the project, this article is the first that reflects on the crowdsourcing process that
created this database [1, 2]. As this project has advanced, its historiographical
significance has become clearer. Recent scholarship by Martha S. Jones and Cathleen
D. Cahill has illuminated the place of women of color in the woman suffrage
movement [3, 4]. The OBD moves beyond the critical leaders to offer rich evidence
on the grassroots Black recruits in the movement. We see the tremendous growth of
Black suffrage activism between 1870 and 1920 in terms of its numbers and its
geographical spread. We see, as well, new interracial alliances among women
suffragists and yet continuing cleavages as white women accommodated racial
barriers to women’s voting in the South after 1920.
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2. The crowdsourcing process

Work that contributed to the emergence of the Online Biographical Dictionary
began when I contacted Rosalyn Terborg-Penn in 2008 and proposed that we
collaborate to reprint online the writings of the Black women suffragists Terborg-
Penn had listed in an appendix to her 1977 Howard University dissertation and
expanded with the 1998 publication of African American Women in the Struggle for the
Vote, 1850-1920 [5, 6, 7]. Professor Terborg-Penn liked the idea, and we launched the
project. Working with students at SUNY-Binghamton, I focused on identifying
writings by and about some 70 Black women suffragists in that appendix. Professor
Terborg-Penn contacted scholars, inviting them to participate in the project by
writing introductory essays on the most significant movement leaders among those
suffragists. We planned that the suffragists’ writings and the scholarly introductions
would be published serially in issues of WASM. We anticipated that the project
might post online about 500 writings of 70 suffrage activists.

As this project proceeded, another woman suffrage-related proposal came to me
in my capacity as WASM coeditor. In June 2014, we received an email inquiry from
independent historian Jill D. Zahniser, asking if we would be interested in publishing
online a database she had prepared of National Woman’s Party (NWP) protesters
who picketed the White House in 1917-1919. She had prepared a spreadsheet noting
225 NWP activists who had taken part in the picketing. Biographical sketches for
about 30 of these suffragists already existed as entries in the reference resource
Notable American Women, and we secured permission to include those sketches in
her database. Then we built upon her initial proposal and decided that we would
publish the NWP spreadsheet and invite volunteers to create biographical sketches
of the lesser-known activists among the picketers. Zahniser agreed to prepare six
exemplary biographical sketches of notable suffragists that would serve as models for
about 190 crowdsourced sketches that we would solicit from users of the website [8].

In December 2014, we sent out our first call for volunteers, encouraging women’s
history faculty at colleges and universities to engage their students in the research
and writing of the bio sketches. We wrote in an email appeal: “We seek 20 faculty in
U.S. women’s history to mentor students in their classes between April 2015 and
June 2017 in the methods of researching and writing the remaining 190 biographical
sketches of militant suffragists in this database.” Jill Zahniser agreed to edit the new
sketches, and we anticipated publishing the sketches in WASM in the fall of 2017.
The response to our call was so robust that I asked Jill Zahniser to identify additional
militant suffragists affiliated with the NWP. Between the suffragists proposed by
Zahniser and new names of NWP activists discovered in the research process, we
soon had a group of more than 400 NWP suffrage activists.

As the NWP work proceeded, Rosalyn Terborg-Penn and I were identifying
writings by Black women suffragists. In the course of this work, our group of Black
women suffragists increased from 70 to 175 by the spring of 2017. We then decided to
solicit bio sketches of the lesser-known Black suffragists to complement the
sketches of the NWP suffragists. Finally, to include a fuller representation of
suffragists in the project, we began to examine potential published sources for lists of
mainstream suffragists. In this way, we discovered 700 pages of detailed state
suffrage reports for the period 1900-1920 in the History of Woman Suffrage, Vol. 6
(1922), published by the National American Woman Suffrage Association
(NAWSA). That source included some 2,700 names of NAWSA activists distributed
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across all states and the District of Columbia [9]. In a revised call for volunteers that
went out in June 2017, we wrote: “we are looking for volunteers to research and write
bio sketches for 2,800 + suffragists between now and the centennial of the adoption
of the Nineteenth Amendment in August 2020. Contributors will receive author
credit as the work is published online.”

With this exponential increase in numbers, we realized that the nature of our
crowdsourcing effort had to change. Individual solicitations and the recruiting of
faculty to work with students in their classes would not move the project forward at
a pace that could be completed in a timely way. I decided to seek state coordinators
who would take on the work of outreach to potential contributors, as well as the
copyediting and fact-checking of completed sketches. Eventually, we secured
coordinators for 42 of the 48 states that voted on the suffrage amendment in 1919-
1920. As we built up our corps of volunteers, we learned of statewide efforts to
commemorate the 19th Amendment, and we coordinated our work with those
efforts. In this way, we joined with six state efforts already underway.

To expand our reach, we submitted additional calls for volunteers through
organizations that had a substantial Internet presence. Our most successful outreach
venues included H-Women, the American Library Association, and the American
Association for State and Local History (AASLH). This crowdsourcing strategy
involved a leap of faith on my part. In a call sent out for volunteers in June 2017,

I noted that “we have perhaps 300 bio sketches in hand of the 2,800 + we will
eventually need.” My faith felt justified when, in the week after our first
announcement in the AASLH Newsletter, I received almost 250 emails from
prospective volunteers.

Other support soon developed for the crowdsourcing effort. Several volunteers
offered to copyedit and fact-check completed sketches. Genealogists traced the
family connections of suffragists. Librarians at Louisiana State University and the
University of North Carolina coordinated with fellow librarians in their state
systems. Some volunteers were great organizers of their students and colleagues. One
faculty member eventually coauthored 28 sketches. Another volunteer wrote 36
sketches, making her contributions a post-retirement project.

The database kept growing. We were always identifying new suffragists to add to
the database. We began with about 70 Black women suffragists identified by Rosalyn
Terborg-Penn in 2008. The number had increased to 175 in June 2017, 240 in
February 2018, and 467 as I write in June 2025. The number of militant NWP
suffragists increased over time from 225 to 420, while NAWSA-affiliated suffragists
increased by about 200 over the course of the project. Individual volunteers and state
coordinators made numerous recommendations for additions, almost all of which
I accepted. As the numbers of suffragists increased, so did the racial diversity of our
suffragist list. In Delaware, Maryland, and Rhode Island, we added significant
numbers of Black women suffragists not listed in the NAWSA state reports.
Currently, the OBD includes more than 3,760 sketches written by more than 1,900
volunteers.

I continued to make additions to the database at six-month intervals after the first
installment in March 2019. The crowdsourcing dimension of the project persisted.
With each addition to the OBD, we posted a list of suffragists deemed “impossible to
find.” We encouraged users of the site to contact us if they knew one of these women
and could write a bio sketch. Over the years, we have added 20 bio sketches in this
way and have shortened our “impossible to find” list. In addition, I receive email
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from users of the OBD who write to ask if they might add to particular bio sketches.
In each issue of WASM, we add bio sketches for new suffragists or revisions of earlier
sketches based on my review of these email submissions. This process has slowed in
recent months, but it continues.

3. The findings

What can we learn from this collection of bio sketches? The strength of the
database is its coverage of the diversity of the suffrage movement. It includes three
major groups: militant suffragists affiliated with the NWP, Black women suffragists,
and NAWSA activists from the mainstream of the suffrage movement. For NAWSA
suffragists, the database draws on reports from all 48 states and the District of
Columbia, assuring wide geographical coverage [9]. These sketches, taken together,
provide a framework for comparing and contrasting the collective portrait of Black
women suffragists with that of militant and mainstream white suffragists.

Also related to this work is a second resource that I've created - a digitized
collection, “Writings of Black Women Suffragists,” published as part of the WASM
database. This collection includes more than 1,900 published and unpublished
writings by or about Black women suffragists [10].

In addition to the sketches and writings, there is a database recording about 50
variables for each of the Black suffragists whose biographies are in the OBD. The
potential of this database can be seen by focusing on two cohorts in the group - Black
women suffragists active in the 1870s and those active in the 1910s. We can learn
a great deal about Black women’s social justice activism by comparing these two
groups and by placing their collective biographies within the broader context of the
woman suffrage movement and American politics in these decades.

Comparing these two groups, we see a great expansion in the numbers of Black
activists over this 50-year period and the dispersion of the movement from a focus in
Washington, DC, in the 1870s to northern and western urban centers more generally by
the 1910s. This expansion depended on the Great Black Migration and the growth of the
Black women’s club movement [11]. These developments gave Black women
a particularly important public voice in the expansion of Black political activism in the
early twentieth century — leadership that has continued to the present.

The woman suffrage movement was just getting launched in the early 1870s,
emerging as a divided presence with the rivalry of the National Woman Suffrage
Association (NWSA) and the American Woman Suffrage Association (AWSA). The
divisive issue of granting Black male suffrage while sidetracking woman suffrage lay
behind this split. Black women activists supported both of these national
organizations. Mary Ann Shadd Cary, formerly a Canadian expatriate and the editor
and publisher of the Provincial Freeman, supported the National, while noted
abolitionist, lecturer, and author Frances E.W. Harper aligned with the AWSA
[12, 13].

In the 1870s, after the passage of the 14th and 15th Amendments, Black women
joined white suffragists in pressing for women’s right to vote. Developments in
Washington, DC, provide good examples. In 1869, Julia Wilbur and another white
woman were accompanied by Louisa Butler and Eliza Anderson, two Black
suffragists, in an unsuccessful effort to register to vote. In 1871, Shadd Cary was one
of 63 women in the District who attempted to register to vote. Julia Wilbur tried
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again, this time with Josephine Griffing and Black activist Amanda Wall.
Accompanying the trio to the Registrar was the longtime supporter of woman
suffrage, Frederick Douglass [12, 14]. None of these women was able to vote. Similar
efforts in Rochester, St. Louis, and Vineland, NJ, also failed. The editors of The
Selected Papers of Elizabeth Cady Stanton and Susan B. Anthony tabulated numerous
attempts by women to register and vote in the period 1868-1873 and found 82
separate groups totaling more than 1,750 individuals. African American women
comprised more than 12% of this number [15]. Only a handful of women actually had
their votes counted, and the 1875 Supreme Court decision in Minor v. Happersett
closed the door to women’s voting, short of multiple state actions or a federal
constitutional amendment.

With the failure of individual registration efforts, the NWSA focused first on
federal legislation and then on a constitutional amendment. These efforts began in
Washington, DC, where Black activists were well represented in these campaigns. In
November 1876, Stanton, Anthony, and Matilda Joslyn Gage sent out a call for the
NWSA annual suffrage convention to be held in the nation’s capital on January 16-17,
1877. Their goal was: "[to] demand a 16th Amendment to the U.S. Constitution,
that shall secure this right [to vote] to the Women of the Nation.” They printed the
text of a petition, calling on local activists “to print, and send out petitions to reliable
friends in every county.” They then called on supporting organizations “to send
delegates to this Convention, freighted with mammoth Petitions for a 16th
Amendment” [16].

Those petitions came forward with “a total of 40,000 signatures from 35 states
and 5 territories” [17]. At least four petitions came from Washington, DC. The most
hefty DC petition included the signatures of 310 men and 438 women, including
Amanda Wall and Louisa Butler, who had tried to register to vote eight years earlier.
Three petitions came from citizens of Uniontown, a DC neighborhood that had
received a substantial influx of freedpeople as earlier refugees fleeing slavery settled
in Reconstruction Washington, DC. One of the Uniontown petitions specifically
identified the signers as “Colored Men” and “Colored Women.” The bodies of these
petitions were printed and used the same language, calling for a constitutional
amendment “to prohibit the several States from Disfranchising United States
Citizens on account of Sex” [17]. The first signers of the “Colored” petition were
Frederick Douglass, Jr. and Rosetta Douglass Sprague, a son and daughter of
Frederick Douglass. They shared the petition with friends and acquaintances,
including African American settlers on the former Barry Farm — a planned settlement
organized by the Freedmen’s Bureau, with small lots sold to freedmen and
freedwomen at low monthly installments. More than a third of the “Colored”
petition signers lived in this neighborhood, less than a mile from the homestead,
Cedar Hill, where Frederick Douglass lived[18]. The three Douglass sons — Lewis,
Charles, and Frederick, Jr. — all purchased lots at Barry Farm. Lewis submitted
a second women’s suffrage petition in 1878 [19].

Focusing on the Uniontown petition signers of 1878 illuminates how Black
women’s support for woman suffrage fit within the broader Reconstruction context.
Fifteen Colored women signed the petition, and thus far, we have generated
biographical sketches for 12 of them. Seven lived in homes in the Barry Farm
subdivision, made possible and subsidized by the Freedmen’s Bureau. Three had
deposits in the Freedman’s Savings and Trust; two received monetary aid from the
Freedmen’s Bureau; and one taught in the neighborhood school supported by the
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Bureau. The Freedmen’s Bureau was the agency in the early, hopeful years of
Reconstruction that represented the commitment of the Republican Party to help
former slaves make a successful transition to freedom. Assisting the destitute,
helping to fund public education, encouraging thrift and home ownership — these
were among the initiatives that the Freedmen’s Bureau undertook in the District. As
Black men took on the mantle of citizenship offered by Reconstruction, it is
understandable that some Black women sought to join them, with the right to vote
serving as the fitting marker of their claims [20].

Among the signers of the January 1878 petition were Caroline and Elizabeth
Chase, mother and adult daughter. In 1860, the Chases lived together in Ward 2 in
Northwest DC and worked as washerwomen. Elizabeth received $6 in cash relief
from the Freedmen’s Bureau. Caroline was recorded in the 1870 census as owning
real property valued at $200 [21, 22]. These funds enabled the Chases to purchase
nearby lots on Elvans Avenue in Uniontown before 1871. By 1873, Elizabeth resided
in her new neighborhood and was running an eating saloon, a decided step up from
domestic labor. In April 1874, Augustus Straker, a Black lawyer employed by the
Treasury Department, lectured at the nearby Pioneer Lyceum on “Citizenship, its
rights and duties — woman suffrage” [5, 6, 23 ]. Whether Chase attended that lecture
is unknown, but the petition confirms their support for women’s suffrage. The
Chases’ support was not a fleeting fancy, as they both signed a second suffrage
petition in 1880 that Douglass family members circulated [24, 25].

Why did Washington, DC, emerge as the center for early woman suffrage
agitation in the 1870s, with 22 of 40, or 55%, of Black women suffragists in the Online
Biographical Dictionary active in that decade residing in the city? The nation’s capital
saw a confluence of reform efforts in the post-Civil War years that contributed to
this focus. The political struggles that led to the passage of the 13th, 14th, and 15th
Amendments played a significant part. Accompanying this campaign to secure
national citizenship and voting rights for Black men was the movement to secure
home rule for the nation’s capital and Black voting rights in local elections [14].
Parallel to these political efforts came demands to provide public education for Black
residents of the District and housing for the vastly increased Black population as
refugees from slavery poured into the city. Lastly came the expectation that the
federal government would provide a reasonable share of federal jobs for Blacks who
had shown their loyalty to the Union and to the Republican Party. The Freedmen’s
Bureau provided modest relief expenditures to refugees, supported the first public
schools, and, in the Barry Farm neighborhood, took first steps to address the city’s
housing shortage. The existence of a substantial body of Radical Republicans in
Congress, energized by their struggle with Andrew Johnson, and other sympathetic
northerners drawn to the city by the prospect of a broad Reconstruction of American
society, gave reasons to believe that the Union victory in the war would lead to
real change in the circumstances and prospects for Black Americans [14]. Black
women suffragists emerged within this broader local and national context.

This broad view of the emergence of women’s suffrage as an issue during the
years of Reconstruction can be fleshed out considerably with reference to the
biographical sketches of Black women suffragists active during these years. These
resources permit us to draw a collective portrait of the women and explore the
campaigns they joined.

As their husbands, fathers, and sons were securing citizenship rights based on the
passage of the Civil War amendments, Black women in the District joined white
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women in demanding these rights for themselves. Black women suffragists active in
D.C. in the 1870s were typically recent migrants to the city. Only four of the Black
suffragists active in the 1870s — 10% — had been born in D.C., even though eventually
21 - or 59% — came to reside in the city and focus their reform efforts there. Congress
passed legislation, overriding President Andrew Johnson’s initial veto, that granted
Black men in the District voting rights in January 1867. As Black men voted and stood
for elective office, Black women asserted their right to join them. This expansion of the
franchise is one reason there was such a vibrant suffrage movement among Black
women in the District, as Amanda Wall, Louisa Butler, Eliza Anderson, Mary Ann
Shadd Cary, and others sought to register to vote, claiming that the 14th and 15th
Amendments confirmed their citizenship and provided the basis for this right.

The experience of Mary Ann Shadd Cary across the decade speaks to broader
change over time. Shadd Cary, born a free Black in Delaware, migrated to Canada
with her family when the passage of the Fugitive Slave Act in 1850 increased the
vulnerability of free Blacks in the north. She had taught for 10 years, and she
continued at a missionary-supported school in western Ontario. For four years, she
published and edited a weekly newspaper, the Provincial Freeman, and until 1860,
she lived in Chatham, Ontario, with its sizable Black emigrant community. With the
outbreak of the Civil War, she returned to the United States and worked to recruit
Black soldiers for the Union Army. After some time in Detroit, she settled in
Washington, DC, in 1869, and taught in Black schools. She was 42, widowed, with
two children [26].

In the District, she became an advocate of woman suffrage and a vocal supporter
of the NWSA. In 1871, she attempted to register to vote, and she continued to be
active in the NWSA throughout the decade. In January 1872, she gave testimony to
the House Judiciary Committee on the “Right of Women to Vote.” In that speech,
Shadd Cary noted that Black women and men alike were denied the right to vote
under slavery. Now that Black men had been granted the right to vote by the 14th
and 15th Amendments, she called for extending that right to women as well. She
drew on the same arguments that Stanton and Anthony made: “Taxed, and governed
in other respects, without their consent, they respectfully demand, that the
principles of the founders of the government may not be disregarded in their case;
but as there are laws by which they are tried, with penalties attached thereto, that
they may be invested with the right to vote as do men, that . .. they may in future be
governed by their own consent” [27].

NWSA held its annual meeting in January 1874 in the District of Columbia and
Shadd Cary showered its leaders with praise in the pages of Frederick Douglass’s
paper, the New National Era. She called the event “the most harmonious and the
most practical in every way of any one ever held” [28]. She emphasized particularly
the testimony of Sara Spencer and Belva Lockwood before the House Judiciary
Committee on behalf of woman suffrage [29]. Susan B. Anthony, in a letter written at
the conclusion of the meeting, summed up the NWSA strategy at this date: “Gen.
[Benjamin] Butler is bound to put the question of Woman Suffrage, pure & simple to
the House first — & that will be on striking Male from the District of Columbia
suffrage clause” [24, 3:36]. We see once again in Shadd Cary’s account and
Anthony’s comments the interconnection between national and local causes that
gave Washington, DC, and its suffragists such a leading role in the movement.

The woman suffrage efforts of the 1870s brought white and Black suffragists
together, under the umbrella of the two predominantly white suffrage associations,
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to focus on registering to vote, testifying before Congress, and circulating and
signing petitions. Each time Julia Wilbur, a white abolitionist, sought to register, she
was accompanied by Black and white friends who joined in the attempt. Mary Ann
Shadd Cary joined white suffragists Sara Spencer and Belva Lockwood in speaking to
a Congressional committee. While Frederick Douglass Jr. and Virginia Douglass
Sprague circulated a petition among Colored residents of Uniontown, Lewis
Douglass’s petition had white and Black signers, as did the mammoth DC petition
with more than 700 signers. There was no separate Black suffrage movement in the
1870s and no evidence that the two predominantly white suffrage associations
discouraged Black participation.

Judging from this cohort of Black suffragists, the suffrage movement attracted
Black participants across class lines. Fourteen of 27 Black suffragists in the database,
active in the 1870s, with known occupations, were teachers or educators, three
had business or professional occupations, and four were domestic servants. The
group is certainly of higher status than the Black community in D.C. as a whole, but it
was not limited to the city’s Black elite. On average, these suffragists were active
suffrage supporters for almost 17 years. They were also joiners in a range of other
social justice organizations. At least eight were active in the Woman’s Christian
Temperance Union (WCTU), and 13 were members of a club belonging to the
National Association of Colored Women (NACW). These multiple memberships
reflect the way that woman suffrage, for Black supporters, was folded into efforts to
elevate the standing of the race.

Much changed for Black women between the 1870s and the 1910s. Black churches
grew dramatically during these decades; Black women became increasingly active in
various voluntary organizations — first in the WCTU and later in Black women’s
clubs more generally. By 1909, we see Black women active in the founding of the
National Association for the Advancement of Colored People (NAACP), the
originator of the early civil rights movement in the United States.

The first thing to say about the 1910s cohort is how much larger the group had
become over four decades. From 40 Black women suffragists active in the 1870s, that
number grew to 268 in the decade of the 1910s. While the earlier suffragists had been
concentrated in Washington, DC, by 1910, there were significant concentrations of
Black women suffragists in DC, New York, Chicago, Baltimore, Wilmington, DE,
Oakland, CA, and Portland, OR. The Great Black Migration to northern cities fed the
emergence of suffrage activism. Twenty of these suffragists were born in New York
State; fully 57 died there. Other major destinations were Illinois, California, and
Oregon. Virginia led all states in terms of outmigrant suffragists: 32 were born there,
but only three died in the state. Georgia, South Carolina, and Tennessee were other
southern states that lost outmigrant suffragists in substantial numbers — 36 were
born in these states, but only five died in the states of their birth. It is reasonable to
say there wouldn’t have been a Black woman suffrage movement without the Great
Black Migration of the period 1890-1920 [30, 31].

There are other points of comparison for these two cohorts. There were far fewer
Black suffragists in the 1870s than four decades later, but they were active in the suffrage
movement for much longer periods of time. On average, Black suffragists active in the
1870s participated in the movement for 17 years; in the 1910s, the comparable figure
was just 8 years. The earlier suffragists typically became active for the first time at 30
years of age and continued working in the movement until a mean age of 56. The
comparable age range for those active in the 1910s stretched from 38 to 48.
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A strong commitment to individual education and to the education of the race
characterized both cohorts. In the four decades between the two groups, Black
education made very significant strides. For the 1870s group, eight of 20 — 40% - for
whom the level of education is known, had some higher education. For the later
cohort, fully 68% had attended college or normal school, a full 70% more than the
proportion for the earlier group. For both groups, the strength of their education led
many into teaching for their race. For the 1870s group, 52% with known occupations
became teachers or educators; in the 1910s, the comparable figure was 43%.

The numbers themselves do not reveal the full significance of education in the
lives of Black suffragists. The parents of suffragists had a high regard for the
importance of education for their children, and many had the resources to make that
education possible. At least seven of the suffragists had tutors or attended private
schools, either because the local public schools did not admit Black children or due to
the poor quality of segregated schools provided for Black children. Several —
including Charlotte Forten and Rosetta Douglass — moved away from their families
for periods of time and boarded where they could receive quality instruction without
experiencing discrimination or outright segregation.

Many of these early suffragists drew upon their sound educations to become
teachers of freedmen and women. Virginia Hewlett Douglass taught in a “Colored”
D.C. school in the 1870s, Charlotte Forten taught in the Sea Islands of South
Carolina, and Louisa Jacobs taught freedmen in Alexandria, VA. Maria Baldwin,
younger than these others, taught first in Maryland and then had a career of almost
40 years as a teacher and school principal in Cambridge, MA. A belief in the
importance of education for the advancement of the race motivated these careers.
The same commitment, in turn, led these women to advocate for woman suffrage so
that they could support improved public education for their race with their votes.

Racial uplift motivated the careers of both cohorts, as we can see in the expansion
of their organizational activity, the central strategy for collective progress. For the
earlier cohort, eight suffragists — or 20% — were active in the WCTU. Several
suffragists served as Superintendents of Colored Work in the WCTU. For the 1910s
cohort, fully 64% were members of clubs within the NACW umbrella. This greater
organizational activity was also reflected in membership in the newly founded
NAACP, as 42% of suffrage activists in this latter period were NAACP members or
joined in the association’s suffrage activities.

While the NACW and the NAACP were not formally suffrage organizations, both
came to support the cause as part of their wider commitment to civil rights. The
existence of these additional venues for activism contributed to the strength of Black
women’s suffrage activism. Suffragists in the 1910s cohort who were definitely
members of an NACW club averaged 10 years of suffrage activism; for those without
any mention of club membership, the comparable figure was only 4 years. NAACP
activity was also associated with significant suffrage commitment. Those with
definite connections to the NAACP averaged 11 years of suffrage activity; those not
so identified with the NAACP averaged 6 years.

The growth of the Black women’s club movement and the early civil rights
movement, exemplified by the NAACP, contributed to Black women’s suffrage
activism. That activism, in turn, was associated with interaction with the leading
civil rights advocate of the era, W.E.B. Du Bois. Du Bois had correspondence with at
least 111 of the Black women suffragists, more than 28% of the Black women
suffragists in the database who were still living in 1909. Those with no
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correspondence with Du Bois were active, on average, for 6 years in the suffrage
movement; those with 10 or more letters with Du Bois were active, on average, for
15 years. Cause and effect are hard to establish, but whatever the direction of
causation, the association here is strong [32].

Individual life stories speak to the group patterns evident in the statistical profiles
and confirm that women who became suffrage activists had migrated from the South
in the early years of the Great Black Migration. Alice Wiley Seay of rural Virginia and
then Brooklyn provides a case in point. Born enslaved in 1858 in South Central
Virginia, she was one of seven children of James Baugh, a farm laborer after
emancipation, and Diannah Baugh. In 1886, Alice married a tobacco farmer, Pleasant
Wiley, and in 1888 the couple moved to Brooklyn, NY. Pleasant found work in
various jobs — coachman, blacksmith, and janitor; Alice worked as a dressmaker but
was particularly active in the Concord Baptist Church and the Black women’s club
movement of the city. In 1905, she was elected president of the Northeastern
Federation of Colored Women’s Clubs, and in 1908, she helped found the Empire
State Federation of Women’s Clubs. After the death of her husband in 1906, she
remarried in 1910 to another tobacco farmer, James Alfred Seay, from her hometown
of Giles. Her husband worked his Virginia farm, while she continued to live in
Brooklyn until 1916, when the Dorcas Home Missionary Society of her church
sponsored a testimonial dinner and gave her a Victrola as she moved back to her
husband’s farm in Giles. She lived in Virginia another 20 years, but after her passing
in December 1937, more than 300 former friends and neighbors attended a memorial
service in Brooklyn in her honor [33].

Chicago was another northern node for Black women’s suffrage activism. Like
Brooklyn, the Black community on Chicago’s south side was the product of Black
migration [31]. Ida B. Wells-Barnett played a leading role as the cofounder of the
Alpha Suffrage Club [34]. The club mobilized Black women to register to vote and
participate in Chicago’s vibrant politics after the state legislature, in 1913, approved
women’s presidential and municipal suffrage. Wells-Barnett was born in Mississippi
and was publishing a newspaper in Memphis when her antilynching journalism made
living in the South impossible. A white mob burned down the paper’s office,
destroying its printing press while Wells-Barnett was out of town, and she got word
that it would be unsafe for her to return to Memphis [35]. She settled in Brooklyn
initially but moved to Chicago after marrying Ferdinand Barnett in June 1895 [36].
There, she quickly became active in the city’s Black club movement and was one of
the founders of the NACW in 1896. Other leaders in Chicago’s Black women’s
suffrage campaigns were also fellow migrants: Viola Hill, from Georgia; Vera Greene,
from Missouri; Ada McKinley, from Texas; Theresa Macon, from Kentucky; and
Irene Goins, from southern Illinois.

When the Illinois state legislature approved women’s presidential and municipal
suffrage, Black women of the Alpha Suffrage Club joined a massive car parade in
July 1913, celebrating the victory [37]. The club sponsored numerous meetings at
which Republican, Democratic, and Progressive candidates outlined their platforms
to club members and residents of Ward 2 more generally. Club members went door-
to-door encouraging voter registration and generally worked to educate newly
enfranchised Black women voters. By the following February, women made up
a third of voters in Ward 2 in the primary election, and a Black candidate for
Alderman came within a few hundred votes of upsetting the incumbent white
candidate backed by the Republican machine [46, 85-88; 21, 345-48; 35].
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Organized Black women made such a strong impression that, shortly after the
primary, two Republican Party stalwarts (one Black, one white) paid a visit to the
Alpha Suffrage Club to win their support for the general election. Concerned that the
women might encourage a Black independent candidate, the Republicans offered
assurances that, when the next aldermanic vacancy appeared, the party would throw
its support behind a Black candidate. The bargain held, and in 1915, a Black
Republican, Oscar DePriest, won election in Ward 2 and became the first Black
member of Chicago’s Board of Aldermen. In 1928, DePriest became the first Black
politician elected to Congress from the North [38, 39,47 ].

Chicago’s narrative in 1913 and after proved to be a dress rehearsal for Black
women’s political engagement that accompanied the adoption of the 19th
Amendment in 1920. While suffragists created separate organizations along racial
lines, the existence of distinct groups did not preclude alliances. One such alliance
developed in Tennessee, which was the 36th and final state needed to ratify the
Amendment in August 1920. Earlier, the state legislature had approved a bill
providing women municipal and state suffrage. In the run-up to local elections in
Nashville, white and Black women’s suffrage leaders joined forces. As one historian
has written, white suffrage leader “[Catherine] Kenny forged a political relationship
with Frankie J. Pierce and Dr. Mattie Coleman, two African American activists.
The Black activists agreed to support white reform candidates in the 1919 local
Nashville elections. In return, Kenny promised white support for Pierce’s legislative
priority, a state vocational school for African American girls” [40].

Pierce and Coleman addressed racially mixed suffrage audiences. Dr. Coleman
spoke at the annual convention of the Tennessee Equal Suffrage Association in
June 1919. As the Nashville Tennessean recorded her speech: “The negro woman
stands for purity and uplift. . .. We ask merely to be treated right. This war work we
have been doing has done more to bring us into close touch with you women than
any other thing.” After quoting further from Coleman’s speech, the article noted that
“Dr. Coleman was made chairman of the Tennessee negro women’s suffrage
organization,” and assured the paper’s (white) readers that she would be working
“under the supervision” of white suffragists. Another newspaper account named
that organization as the Negro Women’s Reconstruction League, noting that it had
already registered 1,600 voters [41, 48 ].

The next spring, Kenny “invited Frankie Pierce to address the meeting” of the
Tennessee League of Women Voters. “Pierce told the [LWV] convention that her
sisters would use the vote to ‘uplift our people’ and asked only for a ‘square deal’”
[40, 42]. Dr. Coleman, for her part, registered some 2,500 Black women for the 1919
election. In 1921, the state legislature provided for the establishment of a girls’
vocational school, which opened in October 1923. By forging this alliance and
exercising their newfound voting rights, Black women gained resources for the Black
community [43].

Anita Shafer Goldstein, who has examined this interracial alliance, concluded that
“the alliance produced concrete gains and demonstrated the importance of
organization within the African American community. ... The decision to support
reformers against machine candidates in the city was a bid for access to the growing
agencies of state government.” Goldstein emphasized the agency of Black women
suffragists, noting, “It was not ‘apathy, accommodation, and caste’ that characterized
them, but vigorous action, the offer of cooperation in return for concrete benefits, and
an eagerness to make use of any breach in the walls of separate sisterhoods” [44].
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Wilmington, Delaware, provides a second example of an interracial alliance
emerging out of the work of segregated organizations. Like Nashville, Wilmington
was located in a border state with a sizable Black population and a lengthy history of
segregation. Events in Nashville demonstrate how Jim Crow practices could actually
contribute to the emergence of a strong Black women’s suffrage movement.
Teachers at the all-Black Howard School became the nucleus of the Black suffrage
movement. Because of residential segregation, the teachers lived in a few square
blocks centered on East 10th and 11th Streets, the city’s Black middle-class enclave,
a neighborhood informally named “Teachers’ Row” [45, 46, 49].

Some of the Black faculty joined with other women in March 1914 and founded
the Equal Suffrage Study Club (ESSC), with the goal of “arousing interest in the
suffrage movement among colored women” [50, 51]. Many of these women had
earlier worked together supporting two Black institutions, the Home for the Aged
and the Garrett Settlement House [52]. The club held twice-monthly meetings
focused on “questions of municipal, state, national, and international interest.” In
May 1914, members joined the city’s white suffragists and “marched, in a separate
contingent, in Wilmington’s first [woman] suffrage parade,” with Blanche Stubbs
serving as marshal of the “‘colored’ section” [50].

White and Black women continued to work together to secure women’s suffrage
in a 1915 effort to amend the state constitution and a 1919-1920 campaign to
convince the state legislature to ratify the 19th Amendment. In the latter campaign,
schoolteacher and ESSC member Alice Baldwin joined a group of National Woman’s
Party (NWP) members who “lobbied the governor to convene a special session of
the legislature to consider ratification." According to her biography, “Two days later,
she was the only African American speaker at an NWP ‘suffrage mass meeting’ held
at the (segregated) Majestic Theater in Wilmington. ... Alice Baldwin’s address was
entitled, “The Colored Teacher’s Tale’” [53].

The state legislature did not support the 19th Amendment, but Delaware women
won the vote with the Amendment’s ratification in August 1920. Immediately, ESSC
members renamed their club the Colored Women’s Republican Committee, “blocked
out the city into workable districts,” and registered Black women voters. Their
efforts came off smoothly, and Alice Baldwin reported in a letter to the NAACP that
“things passed off here very nicely and peaceably. Many women voting . . .
intelligently and honestly” [54]. The parallel here with the work of the Alpha
Suffrage Club in Chicago in 1913-1915 is striking.

What we see in the 1910s is a dramatic expansion of the political activity that
Washington, DC, experienced in the period 1867-1874, but four decades later, the
stage also included Chicago, Nashville, Wilmington, and Portland. Earlier, Black
women struggled, largely unsuccessfully, to register to vote; now, they were full
players in the local political game.

Virginia and North Carolina were two additional centers for women's suffrage
activism.

Following the ratification of the 19th Amendment, the NAACP sent its field
secretary, Addie Hunton, into Tidewater, Virginia, to gather evidence of registrars’
practices when Black women tried to register to vote in September and October 1920.
Hunton, one of the Black suffragists in the database, filed reports on Phoebus and
Hampton, where multiple subterfuges were employed to deny Black applicants the
right to vote [55, 56]. Glenda Gilmore has chronicled Black women’s efforts in
Salisbury, North Carolina, and surrounding towns to register. Success was limited
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given white opposition, but Gilmore’s conclusion as to the broader meaning of these
efforts is probably true across the South more generally:

The number of black women who voted in 1920 may have been small, but their
significance in the state’s racial politics was large. For the first time since 1896 black
voters approached the registrars en masse. They assembled as the vesult of a coordi-
nated subversive campaign, a gendered attack on gender-based white supremacy. By
their presence at the polls, black women dared whites to use violence and won the
dare. When turned away, African American women refused to keep quiet, enlisted
outside help, and sought to inspire their communities to greater activism [57].

Gilmore’s conclusion here is underscored by the continued Black resistance that
followed the limited gains in the November 1920 election.

After filing her report on the practices of white registrars in Virginia in the
weeks before the November elections, Addie Hunton returned to her job as field
secretary in the New York headquarters of the NAACP. She launched an intense
campaign to mobilize NAACP members to attend a NWP convention scheduled
for mid-February to address the future agenda of the NWP. [58]Noted white
suffrage advocates Harriet Stanton Blatch and Mary White Ovington wrote to
Alice Paul, urging her to invite Mary B. Talbert, immediate past president of the
NACW, to speak at the conference and to call for a federal investigation into the
refusal of southern registrars to permit Black women to vote as provided by the
19th Amendment. Hunton followed up on these efforts by urging NAACP
members to come to D.C. to meet with Alice Paul and to lobby for the inclusion of
a demand for an investigation as a formal resolution of the NWP. In the end,

a delegation of 60 NAACP women from 14 states and the District of Columbia,
led by Hunton, met with Paul to make their case [59]. Paul made only a token
gesture in response to these demands, permitting an NACW representative to
come forward and lay a wreath at the base of the marble statue of Stanton,
Anthony, and Lucretia Mott that was being unveiled in the Capitol Rotunda at
this time [60-61] . There would be no invited Black speaker at the convention
and no addressing of the concerns of Black women suffragists in the convention’s
agenda. At the convention itself, the resolution was briefly discussed, but it was
quickly voted down [31, 32, 33]. The NWP’s actions left Black women to struggle
on their own for Black voting rights, a struggle that continued for more than four
decades and only made substantial progress with the passage of the Voting Rights
Act in 1965.

The database of Black women suffragists illuminates the early years of this
struggle. Political affiliation is evident for only a minority of the 1910s cohort of
suffragists, but we find 92 women active within the Republican Party, three
among the Democrats, and five active in the Socialist, Communist, or Progressive
parties (though a migration to the Democratic Party began to be evident with
FDR’s election in 1932). Both major parties played roles in cementing Black
loyalty to the Republican Party for several generations — the Republican Party in
passing the 13th, 14th, and 15th Amendments, which enfranchised freedmen
after the Civil War, and the Democratic Party in the South in overthrowing
Reconstruction and then disenfranchising Black men in the 1890-1910 period.
This political alignment was fixed in place well before the passage of the 19th
Amendment, and Black women suffragists did not hold back when they had the
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opportunity. Moreover, they did not just follow the lead of Black men in politics.
They had, in fact, developed a critique of the ineffectiveness of Black men in the
years when only men could vote [11], and they built on their decades of
organizing in the Black women’s club movement and carved out a place for
themselves in city, state, and national politics.

Black suffragists’ post-1920 activism reinforced alliances that had been
established in the struggle for the vote. Recall that Wilmington Black activists
spoke at a mass meeting of the NWP in the joint effort to get the Delaware state
legislature to ratify the 19th Amendment. Three years later, the leading Delaware
Black suffragist, Alice Dunbar-Nelson, convinced the Delaware Federation of
Colored Women’s Clubs to endorse the newly proposed Equal Rights Amendment
promoted by the NWP [62]. Even at a time when Black suffragists were pressing
the NWP to lobby for the 19th Amendment’s enforcement in the South, they could
find other grounds on which to join with the NWP in pressing for broadened rights
for women.

4. Conclusion

Between the individual biographical sketches assembled in the Online
Biographical Dictionary and the analysis that emerges from the collective
biography of these grassroots Black activists, we gain a much more nuanced view
of the character and significance of Black women’s suffrage struggles from the
1860s to the 1920s. Our new understanding rests on the collective portrait that
emerges from the 3,760 biographical sketches in the OBD. These sketches, in
turn, were only possible because of our reliance on crowdsourcing. No solo
historian, working on their own, would have undertaken a project of this scale.

Drawing on this new evidence enables one to construct a clearer view of change
over time. What began as a racially mixed campaign for universal suffrage in the
immediate post-Civil War years became more racially divided as the nation itself
became more racially divided with the emergence of Jim Crow. With the institution
of segregation in the federal workforce during the Wilson administration, Jim Crow
went national [63]. It is not so surprising, then, that Alice Paul sought to relegate
Black suffrage supporters to the back of the NAWSA suffrage parade in DC in
March 1913, or that NAWSA denied formal affiliation to Black women’s clubs in 1919
[36, 64]. The white resistance to Black participation in suffrage activism reinforced
the already-existing sentiment among Black women that suffrage was a tool in the
broader Black Freedom Struggle rather than a goal in and of itself. Folding the call for
woman suffrage into the broader race struggle led to a growing presence of women in
the early civil rights movement. It is no coincidence that so many of the Black women
suffragists noted here were among the founders and activists in the early NAACP.
And the legacy of their activism is still visible today. They launched traditions of
civic engagement that showed the way for Ella Baker, Fannie Lou Hamer, Shirley
Chisholm, and Stacey Abrams, who have brought these citizenship struggles into our
time. Whether it is the Black Lives Matter movement or today’s fight against voter
suppression, the struggles launched by Black women suffragists are still being fought
fully a century later.
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Chapter 6

A Study on Theories and Methods
of Distributed Cognition-Driven
Intelligent Design for
Crowdsourced Products

Yuming Guo

Abstract

User demand-driven crowdsourced product innovation is inherently uncertain,
characterized by a decision-making process where design cognition evolves from
vague to precise and from abstract to concrete. To tackle the challenges posed by
perceptual change propagation resulting from design uncertainty in intelligent
information sharing during crowdsourced product design, this study proposes
a theoretical framework and methodology centered around distributed cognition-
driven intelligent design. To this end, a systematic framework is established from
the perspectives of individual designers, concept development, and designer
community evolution. The mechanisms of distributed cognition, informed by
design experiences and activities within intelligent design environments, are
thoroughly analyzed. Furthermore, the study offers theoretical models and solution
approaches for addressing key challenges in collective intelligence innovation,
serving as a valuable reference for the practical application of distributed cognition-
driven intelligent design. This research aims to effectively construct a unified
theoretical framework that bridges conceptual gaps between human-machine
collaboration, cognitive modeling, and artificial intelligence (AI)-augmented
design. It specifically addresses the cross-domain challenge of “change propagation
under perceived design uncertainty,” thereby establishing a new interdisciplinary
field.

Keywords: crowdsourced design, intelligent design, collective intelligence
innovation, distributed cognition, designer experience, design environment
intelligence

1. Introduction

Crowdsourcing is an innovative model that harnesses the collective wisdom and
resources of individuals via the internet to collaboratively address specific tasks or
solve problems. Crowdsourcing design employs internet platforms to aggregate
public creativity and insights for the execution of design tasks [1]. This approach
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decomposes and distributes innovation tasks among geographically diverse
participants (such as global designers working together on product design),
effectively overcoming the spatial and temporal limitations associated with
traditional centralized research and development (R&D). Therefore, this facilitates
a parallelized and modularized innovation process. Both models synergistically
propel crowdsourcing design into a low-cost and high-efficiency innovation
paradigm; however, they rely on digital platforms to coordinate cooperation and
competition, reflecting the strategic choices made by product design decision-
makers within interactive contexts.

In the realm of crowdsourced design research, attention has predominantly
centered on socialized product development, crowdsourced creative design, and
crowdsourcing product platform design. For instance, Jiao et al. [2] explored the role
of crowdsourcing in product design and assessed the moderating effects of user
expertise and network connections. In light of the rapidly evolving technological
environment, Queiroz et al. [3] proposed the integration of artificial intelligence (AI)
support in crowdsourcing to unlock the value embedded in digital services. Durward
et al. [4] investigated how task characteristics and economic compensation jointly
influence crowdsourcing workers’ perceptions, aiming to elucidate shifting trends in
digital labor. Acknowledging the increasing significance of Al in creative evaluation,
Freisinger et al. [5] examined the role of Al-enhanced crowdsourcing and analyzed
the behavioral responses of human crowd contributors toward Al Bell et al. [6]
researched Al-assisted creativity, presenting a theory-based creative screening
model for crowdsourcing competitions. Kittur et al. [7] highlighted future challenges
confronting crowdsourcing research, including Al-guided crowds, crowds guiding
Al, synchronous collaboration, product platforms, work design, and motivation.
Zhu et al. [8] mainly focused on the expertise of creative specialists and the
engagement of co-creators within the context of crowdsourcing-based new product
development. Zahay et al. [9] noted the challenges associated with integrating
crowdsourcing into new product development, emphasizing that insufficient
processes and infrastructure often result in product line extensions rather than the
creation of genuinely novel products.

Technological innovation in crowdsourcing design is underpinned by an
innovation ecosystem fostered through social networks. Knowledge management
and research into collaborative design behaviors serve as essential tools for
optimizing this process [10-12]. Considering the adaptive nature of human factors in
design contexts, cognitive organization stemming from social interactions acts as
a catalyst for intellectual engagement in group innovation processes. Significantly,
the essence of decision-making in crowdsourcing product innovation design lies in
how designers generate ideas and tackle challenges [11], alongside their capacity to
adeptly identify, perceive, and manage design problems in a collaborative product
design environment. Within the Industry 5.0 environment, human-centered design,
manufacturing, and service throughout the entire product lifecycle promote
effective real-time human-machine information interactions while concurrently
addressing various sources of design uncertainty.

Under the influence of digital collaboration, industrial big data, and Al, the
crowdsourcing design environment has emerged as a critical factor in addressing
design uncertainties for crowdsourced product innovation. Through human-
machine interactions, the crowdsourcing design process must account for subsystem
interactions and multidisciplinary integrated design, implement multi-objective
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mechanisms to balance cross-disciplinary impacts, and investigate optimal
integrated solutions. Presently, methodologies such as user observation,
brainstorming, sketching, design documentation, and prototyping are employed
during the intelligent design phase of product families. Nevertheless, in open
crowdsourcing design contexts, knowledge across diverse domains often exhibits
fuzziness, uncertainty, and divergence. The analysis of data in Crowdsourced
Product Design (CPD) is fraught with various uncertain variables, and the lack of
effective design knowledge management impedes the structuring and ordering of the
CPD process.

In essence, within a dynamically uncertain crowdsourcing design environment,
the evolution of designers’ knowledge is a cyclical process encompassing innovative
discovery, deep internalized learning, specialized differentiation, systematic
integration, and adaptive filtering mechanisms. This evolution is fundamentally
about the creative reconstruction and value re-creation of knowledge, rather than
the mere reuse of information. While humans play a pivotal role in crowdsourcing
product design, conventional methods struggle to capture the distributed cognition
characteristics inherent in addressing design uncertainties — specifically, the
individual cognitive tendencies and experiences contextual to design. Thus, it is
imperative to explore the variation and propagation of design uncertainty perception
in crowdsourcing product design through the lens of human-machine hybrid
intelligence.

Current research often treats crowdsourcing design and the design agent
(designer) as two independent information distributions, assuming that the
relationship between the product family and the design agent is merely a linear
mapping. This perspective overlooks the symbiotic relationship between
crowdsourcing design and stakeholders within the framework of personalized
customization goals, which can lead to weak coupling and propagation of Distributed
Cognitive Characteristics (DCC). Consequently, semantic associations are
inadequately mined and leveraged, resulting in significant limitations in the
usability, flexibility, and semantic richness of knowledge-based integrated
intelligent design systems. Although data-driven intelligent design for crowdsourced
products has made considerable strides, there remains a gap in addressing the
evolution of distributed cognition within the design environment. The
crowdsourcing design environment commonly serves as a digital collaborative
product development support system and forms the foundational infrastructure for
internet-based collaborative design. In human-machine interactive design,
geographically distributed design teams can effectively contribute to product
development through information sharing [13]. During the processes of design
uncertainty perception and change propagation within a design environment, it is
essential to evaluate whether machine learning models could reliably address the
intended challenges and enrich the understanding of design issues grounded in
empirical models [14]. This approach aims to achieve explainable Al that articulates
reasoning processes and decision bases in a manner comprehensible to designers.

In contrast to the crowdsourcing design theories and methods mentioned above,
distributed cognition is fundamental to understanding the mechanisms behind group
intelligence formation. It highlights that design cognitive activity is an
interdependent process involving all entities engaged in design cognition, including
individual designers, stakeholder groups, and artifacts, which together constitute
a product family development system. Distributed cognition elucidates the group
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intelligence perceptual characteristics concerning design uncertainty. Its core
components are rooted in individual cognitive tendencies and experiences shaped by
design contexts [15, 16]. This understanding is vital for elucidating the mechanisms
of design innovation activities, fostering interdisciplinary integration, and
enhancing the innovative capabilities of design agents within the framework of
group intelligence. Furthermore, through the deep integration of AI and digital
collaborative technologies, a crowdsourcing design innovation model can be
established that encompasses full-lifecycle product design aligned with group
intelligence.

Rooted in the examination of change propagation under perceived design
uncertainty, this study offers dual contributions by bridging ontological gaps among
agents involved in crowdsourced digital innovation and by establishing a distributed
cognitive framework. It thereby lays a theoretical foundation for social product
development that imparts mechanistic insights while outlining pathways for
practical implementation. The remainder of this chapter is organized as follows: first,
it summarizes the implications, characteristics, and advantages of the theory of
crowdsourcing design driven by DCC; subsequently, it reviews the current state of
research and the challenges encountered in the evolution of crowdsourcing design
within the context of distributed cognition. From the perspectives of the design
agent, design concept development, and the evolution and aggregation of the
crowdsourcing designer family in group intelligence innovation propelled by DCC,
an intelligent design system framework for crowdsourced products is constructed.
Furthermore, it conducts a comprehensive analysis of the group intelligence
innovation mechanism influenced by distributed cognition, drawing upon designers’
experiences, the iterative evaluation of product family conceptual design based on
these experiences, and the dynamics of designer experience propagation — including
learning, discovery, and game-theoretic regulation — within a series of
crowdsourcing design activities. For this purpose, corresponding theoretical models
and solutions to these research challenges are proposed.

2. Theoretical and methodological framework for intelligent design
of crowdsourced products driven by DCC

2.1 Connotations, characteristics, and advantages of intelligent design
for crowdsourced products based on distributed cognition

Intelligent design of crowdsourced products driven by DCC leverages adaptive
design features and reconstruction principles inherent in distributed cognition to
achieve optimization through human-machine interactive design. This methodology
establishes a crowdsourced product development system characterized by efficient
design iteration, facilitated by the exploration of propagation patterns related to
changes in design uncertainty perception. Under conditions that require adaptive
management of various types of design uncertainty, this approach fosters the
emergence of human-machine hybrid intelligence in CPD. The integration of
distributed co-creation enhances design semantics, particularly designer experience,
thus addressing the demand for large-scale personalized customization.

Currently, the majority of crowdsourced product development focuses on
optimizing task allocation, digital platform architecture, and incentive mechanisms.
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In this context, the developer acts as a distributed design-manufacturing system.
However, the intelligent design of crowdsourced products driven by DCC prioritizes
the dynamic adaptability of cognitive individuals, the design of artifacts, and the
cognitive reconstruction of group intelligence innovation. This perspective can be
viewed as a manifestation of designer experience-driven human-machine hybrid
environmental intelligence, and its main characteristics can be itemized as follows:

2.1.1 Dynamic adaptability of cognitive individuals

In a CPD environment composed of distributed cognitive agents, the presence of
multiple design uncertainties throughout the product life cycle and the complexities
associated with multi-scale behavioral models during design coupling necessitate
that individuals within the group or system adopt specific cognitive roles. These roles
can include being processors, transmitters, or coordinators of product functionality,
behavior, and structural information. Through interactive design and consideration
of environmental factors, participants actively refine their cognitive strategies to
align with the design requirements of distributed design-manufacturing systems.

2.1.2 Artifact design

Artifacts serve as both carriers and extensions of the cognitive functions of
individual designers. They manifest information through design visualization,
symbolic reasoning, and product structuring, enhancing the capability of individuals or
groups to comprehend and process complex design information. As media for
customized products, artifacts promote cognitive collaboration among diverse
participants by leveraging the cognitive processes of the subjects. This encompasses
a dynamic process of integrating, differentiating, and reintegrating experiential
knowledge. By centering on the user, this process leads to the progressive refinement of
product functions, performance, and user experience, allowing the product to evolve
from a preliminary, simple version into a fully developed and mature final product.

2.1.3 Cognitive veconstruction in group intelligence innovation

Artifact design and human cognitive processes co-evolve, each influencing the
other. To create personalized custom products, it is essential that they align with
human perceptual patterns, including visual preferences and metaphorical reasoning.
Conversely, sustained interaction with artifacts modifies the cognitive strategies
employed by crowdsourcing designers, facilitating more effective forms of information
representation. The reciprocal adaptation of product information and cognitive
representation, along with the restructuring of social cognitive networks, allows for the
independent regulation of design iteration through collaborative efforts among
humans, machines, and environments. Crowdsourcing designers rapidly exchange
information, offer feedback, and engage in discussions to ensure seamless advancement
in cross-domain collaborative design within the crowdsourcing framework.

2.1.4 Human-machine hybrid environmental intelligence

Since product innovation emerges from the intricate interplay of the human-
machine-environment system and necessitates the effective management of
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knowledge among multiple individual designers, the perspectives of these innovative
designers remain inherently limited. Distributed cognitive theory offers a robust
analytical framework that captures the entire range of cognitive activities in CPD. Its
fundamental premise is that the cognitive and computational attributes of the system
can be elucidated through the organized dissemination and constraints of
information. The experiential representations within this context encompass
participants, artifacts, environments, and culture, which coalesce alongside
machines, evolving to form a hybrid intelligent system. In this system, continuous
human feedback propels the evolution of machines.

The main advantages of intelligent design for crowdsourced products, as
influenced by DCC, are as follows:

(1) Dynamic adaptability of individual cognition lies in the ability to flexibly
integrate external resources — such as technical tools, social networks, and
environmental cues — to optimize cognitive strategies in real-time. This
adaptability enhances data accessibility and model convergence, improves
product performance, and mitigates the complexity associated with multi-
parameter design coupling. Designers are transformed from isolated cognitive
units to active participants who adjust their roles in product development to
align with the evolving demands for personalized customization.

(2) The key advantage of artifact design is its potential to externalize, extend, and
reorganize the cognitive processes of crowdsourcing designers. Through
multidisciplinary and multi-task collaborative optimization, it fosters efficient
coupling and precise alignment between design agents and artifacts. By scru-
tinizing the engineering innovation decision-making processes, as well as the
design, engineering implementation, and realization phases of crowdsourcing
participants from a cognitive viewpoint, one can identify the practical modes
of subjects throughout the innovation journey, thereby highlighting the
importance of cognitive distribution.

(3) Digital collaboration platforms facilitate the integration and cross-fertilization
of heterogeneous viewpoints. By aligning with the requirements of crowd-
sourced design, the innovation process can be visualized and iteratively
refined. Utilizing a cross-domain collaborative representation of the experi-
ential semantics of crowdsourcing designers, coupled with a multi-granularity
framework for design intentions and adaptive multi-level evaluation metrics,
enhances the richness of the experiences of crowdsourced product designers.
This approach enriches and extends existing theories and methods in design
thinking, thereby providing vital technical support for CPD within the con-
text of personalized customization.

2.2 Foundations and challenges of intelligent design for crowdsourced
products based on distributed cognition

Intelligent design for crowdsourced products is a specifically structured process
grounded in the design environment, aimed at addressing the varying needs of
diverse customer groups through the development of a related series of products.
Currently, data-driven approaches for navigating uncertainty in intelligent design
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decision-making enable users to achieve large-scale yet personalized experiences,
thereby enhancing design efficiency. This section provides an overview of domestic
and international research concerning innovative design, design thinking, and
product family design, all driven by DCC, while also addressing the challenges
encountered in these domains.

2.2.1 Innovative design

With the advancement of intelligent manufacturing technologies, both domestic
and international scholars have conducted comprehensive research on the
conceptual design of product families, primarily leveraging CPD and development
[17-19], alongside data-driven collaborative design approaches. The key topics in
this domain mainly include design conflicts [20], digital twin systems [21], big data-
driven innovation in intelligent product design within the furniture sector [22],
patent data analysis and functional network evaluation for innovative product
platform design [23], blockchain-empowered “manufacturing information as
a service” systems for crowdsourcing [24], human-centered generative design
frameworks [25], and design strategy networks that articulate generative design
methodologies [26].

In the modular design of products based on product analysis data, numerous
intelligent methods have emerged [27], including the knowledge-graph-assisted
conceptual knowledge models [28] and the feature-transfer-based adaptive
knowledge push methods for intelligent product design [29]. In addition, TRIZ tools
have been utilized to enhance system-level conceptual design efforts [30], and
hybrid prototyping strategies have been applied to integrate physical models and
generative Al to foster innovation in conceptual design [31]. Further, specific design
prediction techniques have been implemented to amalgamate sequence learning
with game theory [32], functional decomposition integrated with conflict resolution
has been utilized to facilitate resilient conceptual design amid uncertainty [33],
and uncertainty-driven decision-making processes have been implemented in
conceptual design based on digital threads [34]. Additionally, hybrid intelligent
methodologies have been used for product platform configuration with uncertain
module selection [35], and remanufacturing scheme integration design approaches
that account for carbon emissions and customer demand have been established [36].
Finally, patent- and NLP-driven functional modeling strategies have been
implemented for system problem analysis networks in product conceptual design
[37], and machine learning-based iterative design methodologies have been used for
predicting user satisfaction in intelligent product-service systems [38].

While significant progress has been made in research on data-driven intelligent
design methods for product families, the processes of crowdsourcing design and
evolving product family conceptual design are inherently multi-stage, iterative, and
highly interconnected decision-making activities. These endeavors often grapple with
a multitude of semi-structured or unstructured challenges, with original data
frequently manifesting in various uncertain forms. Data-driven product design often
contends with latent cognitivism and cognitive safety-reliability concerns [39].
Consequently, achieving coherence in multidisciplinary design knowledge to develop
consistent product solutions remains challenging. In traditional cognitive models,
cognitive tasks are typically managed by a single individual. However, within
a stakeholder-based distributed cognitive framework, cognitive tasks are shared across
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a network of individuals who collaboratively engage to fulfill the cognitive tasks. Thus,
distributed cognitive theory elucidates the dynamic interactions between uncertainty
perception in product family conceptual design and design activities, highlighting
potential endogeneity issues (where multiple variables within the model correlate with
uncertainty) that warrant further investigation.

2.2.2 Design thinking

Designers’ experience significantly shapes their cognitive approaches. Design
thinking leverages designers’ sensitivity and intuition to convert feasible technologies
and business strategies into customer value and market opportunities that effectively
address user requirements [40-42]. Up until now, some scholars have explored
specific aspects such as creativity within crowdsourcing platforms [43-46]; the impact
of product portfolio diversity and the relationship between design iteration and new
product performance through the lens of experience and learning [47]; stage-based
negotiation frameworks as co-design methodologies informed by participatory
design experience and actor-network theory [48]; prototyping strategies aimed at
engaging stakeholders during the early phases of design [49]; card-based design
techniques that assist both designers and non-designers in addressing collaborative
participation issues throughout the design process [50]; multi-task, context-aware
methods for recommending design-experience knowledge in collaborative product
design [51]; sketch understanding [52]; the integration of design thinking
methodologies and conceptual knowledge theory into product configuration projects
[53]; the role of design uncertainty in driving metacognitive monitoring and
control of the design process [54]; the influence of cognitive style and design problem
framing on the perception of design ideation [55]; and the proposal of self-adaptive
cognitive manufacturing network models utilizing industrial knowledge graphs and
multi-agent reinforcement learning [56].

Crowdsourced creative design and conceptual design of product families represent
concrete applications and manifestations of design thinking within the design process.
Researchers have proposed various models and algorithms aimed at enhancing the
efficiency of design iteration. Product family design and stakeholder design
requirements originate from various information distributions, resulting in explicit
semantic gaps. Transforming personalized customization information into stakeholder
descriptions necessitates effective coordination of product semantic entities — including
emotional resonance, information transmission, and enhanced usability. This process
involves varying design agents collaborating through information interaction to
accomplish distinct design tasks aligned with a shared design goal, alongside situational
reasoning. Such reasoning progresses from product value through needs, functions, and
attributes, ultimately leading to iterative design concerning product form and usage
conditions, thereby revealing latent semantics. Consequently, a coupling model
integrating product family design and stakeholders’ distributed cognition can be
constructed, facilitating pertinent semantic mapping from the intelligent design
semantics of crowdsourced products to stakeholder requirement descriptions.

2.2.3 Product family conceptual design driven by DCC

Industry 5.0 emphasizes a human-centered design philosophy that prioritizes
worker well-being and sustainability. This philosophy enhances the humanization of
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products and services by focusing on user experience and needs. In the realm of
product design, this principle encourages the inclusion of stakeholder expertise
within the design team, which encompasses marketing, engineering, design,
management, suppliers, and production. This approach suitably aligns with research
addressing the social connectedness inherent in crowdsourcing task cognition
[57-62]. Therefore, Industry 5.0 transcends being a mere technological evolution; it
articulates the future trajectory of manufacturing by defining the interplay between
human and AI collaboration, essential for driving innovation and sustainability in
this sector.

Related cognitive manufacturing studies encompass concepts such as cognitive
digital twins, which serve as enhanced methods for equipment maintenance and
management. Through ontology modeling, cognitive information is disseminated
throughout the digital twin ecosystem across the entire product lifecycle - including
design, manufacturing, operation, maintenance, and service — thereby addressing
the challenges posed by information silos in product innovation and development
[63]. The progression of manufacturing systems has moved from traditional
methodologies to closed-loop control automation, followed by autonomous
manufacturing with fault tolerance. Looking ahead, future manufacturing systems
will necessitate cognitive manufacturing that is capable of perception, decision-
making, and responsive actions to confront the challenges posed by distributed
intelligent manufacturing [64]. While research on cognitive systems and
interoperability within enterprises, such as cognitive digital twins and cognitive
cyber—physical networks, has advanced, the transition from Al-integrated
components to systems that emulate human cognitive behaviors demands significant
effort. The crux of this transformation lies in integrating cognitive principles with
Al-supported applications to facilitate human-machine collaboration. As the
learning and adaptation capabilities of cognitive systems enhance, ensuring stable,
robust control and predictability becomes increasingly vital [65].

Moreover, developing cognitive models for product family design that integrate
individual designers, stakeholder groups, and artifacts into a human-machine
interactive design behavior system remains a crucial area for further investigation.
A dynamically co-constructive symbiotic relationship exists between cognitive
organization and group intelligence. Cognitive organization transforms individual
cognition into shareable, iterative group cognitive assets through structured
knowledge frameworks and collaborative mechanisms. In return, group intelligence
contributes to the evolution of organizational cognitive capabilities through the
emergent effects of distributed cognitive networks. The transition from individual
cognition to distributed cognition is a significant cognitive hallmark of humanity’s
adaptation to the complexities of the information society. In this distributed
cognition framework, individuals conceptualize a self-configuring system adept at
processing both internal and external representational information, empowering
subsystems to coordinate efficiently to fulfill diverse functions.

2.3 Intelligent design system framework for crowdsourced products driven
by DCC

This chapter employs the principles of distributed cognition to examine the

issue of change propagation in the context of perceived design uncertainty, which
emerges in the investigation of intelligent information sharing for CPD. The
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framework of the intelligent design system for crowdsourced products, mainly
derived from DCQ, is illustrated in Figure 1.

For micro-level tasks in crowdsourced product development, the experiences
of crowdsourcing designers form a comprehensive knowledge system accumulated
by DCC through prolonged perceptual and cognitive activities. This system
comprises both external perceptual inputs, such as intuitive impressions derived
from vision and touch, and internally constructed representations resulting from
cognitive processing, which include design analysis, induction, and reflection.

In this digital collaborative design ecosystem, the elemental state model of
experience transmission effectively embodies the dynamic integration of perceptual
information and cognitive construction. Through repeated interactions with the
environment, the crowdsourcing design agent converts transient perceptions into
stable cognitive patterns, encompassing design skills and judgments critical to
product design decision-making. In turn, this cognitive framework reshapes new
modes of perception, thereby enabling both design experts and users to cultivate
sharper professional observations.

Consequently, within the context of design intentions for crowdsourced
products, innovation activities stem from clear problem recognition and a value-
oriented approach. This intention compels designers to leverage existing design
experiences, which involve explicit methodologies, such as design specifications,
alongside implicit intuitive assessments, like esthetic evaluations of creative designs.
Through iterative practical validation and the distributed dissemination of collective
cognition across crowdsourcing platforms, this experience progressively evolves into
a tacit knowledge repository of innovative design insights.

Influenced by DCC, design experience reflects the designer’s capacity to
effectively identify, perceive, and address design challenges within conceptual
design contexts. The evolution of design experience constitutes the process
through which units of experiential knowledge are innovated, transmitted, and
recombined. With respect to product family conceptual design tasks, research
concentrates on the natural grouping and aggregation of distributed intelligent
design agents. However, the product development process often involves multiple
stakeholders pursuing various design objectives, with individual designers exhibiting

Group intelligence innovation mechanism

A distributed cognitive
theory of crowdsourced design:
(with a focus on)
designer agency

Theme aggregation Diffusion distribution

Adaptive
mechanism

Stakeholder group
in crowdsourced design:
crowdsourced designer family

Crowdsourced design artifacts: for
design concept development

Intelligent design ecosystem of crowdsourced products

Figure 1.
An intelligent design system framework for crowdsourced products driven by DCC.
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varying design perceptions and cognitions, which serve as the driving forces behind
their design endeavors.

The design data are extensive and stem from heterogeneous, multi-source datasets,
leading to knowledge gaps or diverse design uncertainties. Human perceptual
capabilities allow individuals to seek specific objects within complex environments
and process them effectively. The thematic style of convergence revolves around the
integration of feature information with differing attributes into a unified situational
perceptual experience, thereby facilitating the innovative design of artifacts. This
integration enables design coupling and collaborative mapping among requirements,
functions, principles, structural characteristics, and the perceiver’s insights, which
reduces the computational burden of navigating multiple design scenarios and
enhances product design quality and performance. The concurrent advancement of
intelligent design for crowdsourced products and digital collaboration fosters
a paradigm shift from artifact design to networked design intelligence.

Distributed cognitive theory suggests that human cognition encompasses not
only the thematic style of convergence but also the distribution of diffusion,
reflecting the diversity and multidimensionality inherent in cognitive processes.
“Diffusion” and “convergence” are conceptualized as two cognitive modes operating
within a shared mechanism, interacting at varying levels and contexts to form
complex cognitive networks.

Since innovative design fundamentally aims to meet latent user needs,
crowdsourcing designer communities are often unable to fully ascertain all causal
relationships among design variables. Therefore, it is essential to cultivate a friendly
and rich collaborative perceptual work environment that harnesses the influence of
group design experience within crowdsourcing contexts on the emergence of
individual creativity. Additionally, elucidating the key mechanisms through which
experiential knowledge associations bolster the novelty of ideas addresses the research
gap in understanding the relationship between group experiential knowledge sharing
and individual creativity. This, in turn, provides a fairly solid scientific foundation
for optimizing enterprise crowdsourcing design, encouraging diverse knowledge
contributions, and elevating the efficiency and quality of crowdsourcing innovation.

Moreover, equipping crowdsourcing designers with an adaptive interaction
environment that alleviates cognitive load during interaction design and enhances
the generalization capabilities of models constitutes a pivotal aspect of distributed
cognition-based crowdsourcing design systems.

3. Research on the theory and method of intelligent design for
crowdsourced products driven by DCC

Distributed cognition serves as a robust framework for investigating the
propagation of perceptual changes induced by design uncertainty within the realm
of CPD and intelligent information sharing. Building on this foundation, the theory
and methodology for intelligent design in crowdsourced products, which are
driven by the characteristics of distributed cognition, consist of two primary
components: the mechanisms through which experience influences the distributed
intelligent design agent (i.e., the designer) and the theoretical framework
encompassing the intelligent design environment for crowdsourced products. The
former addresses micro-level tasks, concentrating on the crowdsourcing design
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process undertaken by the innovation subject, while the latter analyzes intelligent
product design initiatives on crowdsourcing innovation platforms from the vantage
point of the design environment.

At the micro-task level, this study extends interactive design theory by first
elucidating the impact of product functional-behavioral-structural characteristics
on design perception. It subsequently explores the cognitive generation of CPD,
which combines design perception characteristics, facilitates structural and semantic
decoupling enabled by distributed cognition, and examines the fusion mechanism
linking design perception and cognition — specifically, how designers’ experiences
influence product family conceptual design.

At the design environment intelligence level, grounded in human-machine
hybrid intelligence and attuned to user needs, this study advances an innovation
ecosystem for the intelligent design of crowdsourced products. By addressing
crowdsourcing design requirements through the lens of a human-machine hybrid
intelligence-driven ecosystem, it investigates design iterative evaluation models
according to designers’ experiences within distributed human-computer interaction
processes. Utilizing context-aware design features for iterative assessment, the study
illustrates the dynamic mechanisms by which designer experience propagates, as
driven by DCC. It further delves into game-theoretic regulatory frameworks of
designer experience within distributed cognition and investigates the adaptive
principles guiding the evolution of designer experience in support of CPD systems.

The current research essentially focuses on the mechanisms through which
experience influences the distributed intelligent design agent — namely, the
crowdsourcing designer — in facilitating CPD. It seeks to address the challenges related
to adaptive representation modeling of the design agent while mitigating the
complexities and computational burdens associated with various design uncertainty
factors. A design iteration model is developed, mainly anchored in designers’
experiences, incorporating stakeholder feedback for iterative evaluation to tackle
cognitive coupling challenges present in distributed human-computer interaction
processes. Lastly, the study examines the evolutionary mechanisms governing product
family conceptual design, influenced by designers’ experiences characterized by
distributed cognition within crowdsourcing platforms. The main aim is to rectify the
deficiencies in intelligent semantic representation for product family design and
address issues of system adaptive regulation. This research aspires to generate
comprehensive semantic descriptions for personalized customization while providing
autonomous regulation strategies driven by integrated human-machine-environment
intelligence, ultimately facilitating the seamless dissemination and adaptable
expression of intelligent information in conceptual design.

The theory and methodology of intelligent design for crowdsourced products,
informed by DCC, are illustrated in Figure 2. This demonstrates the mutual support
between theory and method in interdisciplinary research on crowdsourcing
platforms, aligned with research objectives, and ensures the practical
implementation of intelligent design theory for crowdsourced products.

3.1 Mechanism of experience influence on the distributed intelligent design
agent (designer)

To establish semantic associations between CPD and design cognition, this study
considers the product family conceptual design system as a complex systems
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Theory and method of intelligent design for crowdsourced products driven by DCC.
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engineering challenge that involves multidisciplinary knowledge integration. It
emphasizes the need to balance and optimize multiple design dimensions - such as
cost, quality, and reliability - to achieve optimal system performance. However, the
uncertainties inherent in full life-cycle product design have led to increased
correlations and dimensionality among stochastic design variables, which complicate
the accuracy and efficiency of intelligent design methods and hinder further research
and practical applications in this domain. This study addresses the challenges of
adaptive representation-based reconstruction and optimization of product
functions, behaviors, and structures. It investigates how designer experience,
augmented by distributed cognition, influences CPD and employs design decoupling
to facilitate a divide-and-conquer approach on crowdsourcing platforms. This
strategy aims to mitigate the overall uncertainty associated with life-cycle design
for crowdsourced products. Furthermore, it applies semantic citation to
crowdsourcing design for personalized customization, constructs a designer
experience computing model, and enhances the accuracy and adaptability of CPD.
The overall process can be described as per the following items.

3.1.1 Cognitive generation of CPD, coupling design perception characteristics

From the perspective of product semantics, a product is an intrinsic entity that
tulfills users’ individualized needs. Designers, when ascribing this intrinsic role, often
rely on subjective and emotional preferences. In the conceptual design of product
function-behavior-structure, designers analyze elements such as form, construction,
and materials to establish a distinctive symbolic system model for the product. This
model effectively conveys the design intent and rationale, leading to a cognitive
framework for CPD. A lack of design knowledge, or a lack of trust in the available
information, could result in perceived design uncertainty. This study investigates the
strategies employed in human-machine interaction with information by designers
(design cognition). First, based on fuzzy theory, it explores the vagueness and
imprecision of design descriptions during the conceptual phase of products. Utilizing
the TRIZ innovation design method, it analyzes discrepancies in opinions among
experts from various domains concerning optimal design solutions, highlighting
inconsistencies in the generation of these solutions. Grounded in error theory, it
examines the discrepancies between predicted performance parameters and actual
measured values obtained through testing, reflecting the designer’s confidence in
factual estimations and areas for design enhancement. By leveraging interactive design
methods, it investigates various alternative schemes and the design instability
encountered during conceptual design iterations. Incorporating the element of
perceived design uncertainty, it develops a cognitive decision-making model for the
conceptual design of product families.

3.1.2 Iterative cognitive generation model for product function-behavior—structure
design based on the crowdsourcing design environment

Given that the scenario design for product function-behavior-structure is
inherently characterized by significant external interactions, the process of clarifying
design objectives involves ongoing engagement with the design environment. By
identifying, determining, converging, and explicitly articulating the variable
parameters of the crowdsourcing design environment, this study refines the inputs
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and outputs of environmental variables in relation to the design objectives. This
iterative process not only clarifies these objectives progressively but also facilitates
iterative cognitive generation for product family conceptual design. Beginning with
a design problem or a crowdsourcing requirement, a Bayesian belief network is
employed to describe the design environment, exploring the design problem-solving
space through a design cognition generation model grounded in designers’
experiences. The main characteristics of designer experience encompass the structure
of the design problem, the convergence conditions of the design iteration optimization
process, the quantification of performance indicators for design solutions, and the
interaction with design resources. Designers’ affective and cognitive states are mainly
influenced by changes within the design environment. By validating the authenticity
and integrity of multisource heterogeneous data within the design context, this
approach bridges the uncertainties and gaps between the design cognition generation
model and personalized customization, thereby guiding design information
processing activities. The extraction, structured representation, and construction of
a knowledge base from designer experiential knowledge underpin the evolution of the
design problem-solving space.

3.1.3 Mechanism of coupling between design perception and cognition in CPD

Problem-solving in CPD necessitates the deconstruction of distributed design
elements through symbolic representation, ultimately leading to the emergent
synthesis and reconstruction of innovative solutions within the constraints of
design requirements. However, the substantial volume of design data, which
originates from diverse and heterogeneous sources, results in gaps or uncertainties
in design knowledge. This can hinder designers’ comprehensive understanding
of specifications and objectives. Therefore, there is a pressing need for
methodologies that can effectively extract design information and simplify the
mapping relationship between product features and the design environment.
This study effectively utilizes a Bayesian belief network to model the design
problem-solving space, examining the dynamics of the coupling between design
perception and cognition in conceptualizing product families on crowdsourcing
platforms (see Figure 3). Key components of this approach include: (1) utilizing
Bayesian belief network modeling for qualitative analyses of design decision
variables, constraints, and performance; (2) employing Bayesian belief network
modeling for quantitative assessments of the correlation between confidence in
design perception and cognitive generation mechanisms; (3) conducting result
analyses concerning confidence levels in crowdsourcing design solutions; and
finally, (4) developing a designer experience computing model to generate
a designer experience knowledge graph. This model effectively addresses the data-
driven requirements of CPD, managing complex relationships and uncertainties
among entities within the knowledge graph, while enhancing the accuracy of
design decision-making through probabilistic reasoning.

3.2 Theoretical framework of the intelligent design environment for
crowdsourced products

The intelligent design environment for crowdsourced products is constructed
upon the mechanism of experiential influence exerted by distributed intelligent
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Figure 3.
Mechanism of coupling between design perception and cognition.

design agents, conceptualizing crowdsourcing as an extension of human cognitive
capabilities that complements Al in digital collaboration. Focusing on the
development of design concepts, this framework emphasizes the variability and
propagation of design uncertainty perception as key elements, leveraging the diverse
experiences of the crowd to facilitate continuous feedback and enhancement in CPD.

First, there is an inherent semantic gap between CPD and the experiences of
designers, as they belong to distinct cognitive domains. In interactive human-
machine design, designers engage in the continuous transformation, experiencing,
and interpretation of extensive datasets related to personalized customization. This
process fosters the accumulation of cognition and understanding pertaining to
conceptual design. To bridge the gap, it is essential to extract semantic entities and
associations from CPDs, further investigate their mapping relationships to
experiential semantics, and elucidate the coupling mechanisms of distributed
cognition. As a result, addressing personalized customization needs necessitates the
application of distributed cognitive coupling and evaluation between CPD and
designers’ experiences, culminating in the construction of experiential semantic
mappings among DCC.

Second, for the intelligent design of crowdsourced products to effectively fulfill
personalized customization needs, it must be recognized and experienced by
designers and stakeholders before it can be meaningfully articulated and translated
into human-machine interactive dialog corpora that align with users’ conversational
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expectations. Dialog serves not only as a form of experience but also as a process for
exchanging and constructing experiences. By uncovering and integrating the
semantics of design experiences within CPD data and interactive design processes,
the intelligent design of crowdsourced products could enable the learning, discovery,
and dissemination of experiences shaped by DCC. This approach aims to render the
human-machine interactive design process more engaging, semantically enriched,
and adept at optimizing and customizing products. Therefore, a thorough
examination and discovery of experiential semantics within the data of
crowdsourced product platforms is imperative to elucidate the dynamics of learning,
discovery, and propagation of designers’ experiences driven by DCC.

3.2.1 Iterative evaluation theory of product family conceptual design based on the
designers’ experience

For CPD initiatives, the exploration of associations within distributed cognitive
coupling evaluations for design iterations remains inadequate, impacting both
the semantic expressiveness of conceptual design and the precision of customized
products. Building upon the designers’ experience computing model, this research
integrates distributed cognitive coupling with multi-task collaborative
optimization techniques to achieve distributed cognitive coupling and model
refinement between personalized customization and stakeholders. By employing
data classification and mining methods grounded in Bayesian belief networks,
designers’ experience is continually updated, applied, and assessed iteratively
throughout the design process, as illustrated in Figure 4.
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(1) Online updating of designers’ experience

First, the product conceptual design process is analyzed based on the
needs identified through crowdsourced product development, leading to
the establishment of an important model utilizing fuzzy cognitive maps.
Given that the designers’ experience computing model generates raw
experiential data by integrating heterogeneous data from multiple sources, it
is essential to address issues of missing, noisy, and redundant data.
Moreover, unstructured and semi-structured experiential data must be
transformed. Subsequently, a network dynamic data mining algorithm is
employed to extract valuable insights from the designers’ experience
encapsulated within the computing model. This network dynamic data
mining is constructed upon the Bayesian belief network framework and
incorporates a fuzzy cognitive map classifier to elucidate the update
mechanism of designers’ experience.

(2) Application of the designers’ experience

Next, an influence model is developed by integrating Petri nets with
fuzzy cognitive maps. Utilizing the imported experiential data, an inference
process is undertaken, enabling CPD to use designers’ expertise in evaluating
uncertainty perception related to design iteration behavior. This approach
captures the causal relationships between design uncertainties and design
parameters, thereby providing robust decision support for the product con-
ceptual design process.

(3) Iterative evaluation of the crowdsourcing design
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The crowdsourcing design environment serves as a condition-constraining
factor during design iterations, encompassing characteristics of uncertainty
propagation, often referred to as environmental orientation, which impacts
the efficiency of design iterations. This study selects iterative evaluation
indicators for crowdsourcing design and establishes a corresponding evalua-
tion function within the design environment. Leveraging design context-
aware features, it explores optimized combinations of uncertain design fea-
ture variables. Utilizing a constraint network generated from conceptual
feature parameters of interconnected components, the study computes multi-
attribute values for design context parameters to identify design uncertain-
ties, analyzes interrelations among internal features, and classifies design
uncertainties based on constraint knowledge. This constraint knowledge is
derived from a design evaluation information base.

Employing the theory and methods of fuzzy reasoning Petri nets (FRPN),
the design knowledge base is processed to uncover associations between
conceptual design element parameters and perceptions of uncertainty.

A decision table addressing conceptual design uncertainty is then established.
Utilizing fuzzy production rules, the FRPN-based approach is capable of
modeling the perception and cognition of uncertainty in product platform
components during the conceptual design of product families, followed by the
establishment of a model inference algorithm. The workflow pertaining to
design iterations within the product family conceptual design process is
examined, and design iteration evaluations are conducted with a focus on
design context-aware features, thereby facilitating the optimization of CPD.
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3.3 Designer experience learning theory driven by DCC

The primary objective of Al-enabled crowdsourcing design is to cultivate
product innovation within a sustainable and socially responsible innovation
ecosystem, enhance crowdsourcing design processes, and improve user experience.
Assessing uncertainty in the conceptual design phase and developing strategies for
conceptual design iteration necessitate a thorough investigation into the
mechanisms of designer experience learning, discovery, and propagation within
a digital collaborative design environment. This process involves leveraging
semantic social networks and multi-agent technology to analyze the influence of
designer experience on design problem-solving. Based on conceptual design
requirements, cognitive gaps among designers stimulate experiential learning
and discovery, and the semantic associations of designer experience are scrutinized
for their significant role in exploring and shaping the design space.

The crowdsourcing designer community actively shares design experiences to
establish product development workflows that are aligned with user needs, thereby
facilitating the simulation of CPD. Given the multi-scale and multi-granularity
characteristics of environmental intelligence in intelligent product family design and
among stakeholders, current crowdsourcing design methods often fall short in
harnessing distributed cognition for stakeholder feedback, design iteration, and
optimized design solutions. This highlights the urgent need for research focused on
design agent interactions, machine learning informed by designer experience, and
mixed unlabeled data learning, as demonstrated in Figure 5.

(1) Design agent interaction
In the semantic social network model, agent relationship analysis is

mainly conducted based on the exchange of design information and emo-
tional interactions between agents. The message format is defined as
(Sender, Receiver, Content), and an example of a conversation between
designer agents has been demonstrated in Figure 5. The designer agents
retrieve methods for resolving design conflicts, where the strategy function
7w; : S— Act represents the action (method) chosen by the agent 4; in
a given state S. The utility function U; : SAct — R signifies the utility of
the agent a; for a specific state (S)-action pair. According to the retrieved
utility results, instance methods are evaluated, the effects on designers’
perception and cognition are assessed, and it is then decided whether to
perform interactive learning and extract design knowledge.

(2) Designer experience-based machine learning

In Figure 5, experiential semantic links within the design environment
yield a wealth of data. Nonetheless, the varied sources of design information
for analyzing semantic link data do not ensure convergence in emotion
recognition. Supervised learning techniques, such as neural networks and
similarity models, perform machine learning tasks by deriving functions from
labeled training feature sets. Designers sharing similar interests are mainly
inclined to concentrate on analogous design topics and may exchange mes-
sages through the semantic social network. Thus, the alignment in interest
perception between two adjacent designers serves as a metric for the potential
of experiential learning when they encounter specific information.
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A designer experience-based learning framework.

(3) Designer experience-based mixed unlabeled data learning

On the surface, the concept of designer experience interest learning seems
to be constituted by experiential semantic links; however, it fundamentally
represents a process of the coupled evolution of design parameters. Merely
retrieving emotional similarities from the viewpoint of conceptual design
feature values within a product family diminishes the efficacy of the acquired
experiential learning. To address the challenge of unlabeled emotional data,
an entropy-based model (mixed unlabeled data learning) is implemented on
top of the similarity model. In the realm of information theory and probabil-
istic statistics, entropy serves to quantify the uncertainty associated with
a random variable. This mixed model is employed to label previously
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unlabeled data, which is subsequently incorporated into the original labeled
dataset. This approach better aligns with the cognitive reality of designer
experience during the actual process of product innovation and development.

3.4 Designer experience discovery theory driven by DCC

The social network formed by designer experience through semantic links
constitutes a complex system that integrates cognition related to designer experience
with network topology. In semantic social networks, the acquisition of design
experience establishes robust connections between designers and their design
environments. However, relying solely on stable experience—semantic learning links
does not adequately address personalized user requirements. Utilizing probabilistic
models, designer experience-semantic community discovery identifies novel
experience-semantic relationships primarily by detecting communities within the
experience-semantic network that exhibit specific relational characteristics to align
with learning interests. The theoretical framework for designer experience
community discovery is illustrated in Figure 6.

(1) Designer experience-based discovery model

In Figure 6, users with similar demand information within the experience
semantics are treated as the basic community structure. Concepts that
exhibit experience-semantic associations with conceptual design are iden-
tified to expand designers’ experience. By performing a comprehensive
analysis of the correlations between product design and manufacturing
component modules, coupled with their experience—semantic relationships
and the application of unsupervised clustering algorithms (e.g., K-means),
communities characterized by high semantic-emotional similarity and
strong structural connections are derived. The perception of social trust,
informed by designer experience, plays a pivotal role in propelling product
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Figure 6.
A designer experience-based discovery framework.
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innovation and development. The coupling value of a designer’s network
influence, alongside their contribution to informational content, serves as
an indicator for assessing social trust. This contribution of informational
content is derived through statistical data analysis of social connection
strength, which primarily encompasses the frequency, quantity, and feed-
back count of design experience content disseminated by the crowdsourcing
designer community within a specified timeframe.

(2) Design environment-based game-theoretic regulation of designer experience

Aiming for the cross-integration of design experience, this process effectively
locates the reorganization of product functional, behavioral, and structural
information. This reorganization represents a strategic selection process within
the crowdsourcing designer community. By examining the game-theoretic
motivations for the propagation of designer experience, we can enhance the
diversity of design experience and prevent overly narrow optimization within
the design space. The dynamics of designer experience propagation are
articulated through a shared mechanism characterized by various forms of
information dissemination, including publishing, sharing, reposting, and endor-
sement. The Nash equilibrium, also referred to as the non-cooperative game
equilibrium, is employed to construct a motivational model for participants
engaged in the designer experience propagation process. The behavioral
motivations of the crowdsourcing designer community are analyzed at any point
within the product development network, represented as a function of interest,
social trust connections, and design performance preferences. By integrating the
game-theoretic motivation model with the designer experience propagation
process model, designers can select the most advantageous results from their
candidate propagation nodes as the subsequent recipients of the information.

(3) Designer experience-based adaptive analysis of the product platform

By configuring specific design environment variables, encompassing
parameters related to user requirements and enterprise product development
capabilities, and leveraging the dynamics associated with designer experience
propagation, the conceptual design process for the product family can be
effectively simulated. This approach facilitates the development of a CPD
methodology founded on the evolution of designer experience. In alignment with
user-driven design change requirements, an investigation is conducted into the
depth and breadth of designer experience-evolution information dissemination
within the crowdsourcing product development network. A model supporting the
dissemination of product conceptual design information, grounded in designer
experience evolution, is formulated alongside relevant evaluation indicators to
assess the adaptability of the crowdsourcing product development system.

By thoroughly considering the probability of change propagation among
design nodes within the crowdsourcing product development network and the
extent of rework implications, a designer experience information dissemina-
tion model is established. This model factors in elements of opportunity, trust,
design performance preferences, and motivation. Under design constraint
conditions and with the objective of maximizing benefits, evolutionary game
theory is applied as the basis for designers’ decision-making processes con-
cerning information dissemination. Adjusting design environment variables
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facilitates the analysis of pertinent performance indicators for the product
platform, including product adaptability, the adaptability of comprehensive
product lifecycle data and knowledge, the adaptability of design solution
methodologies, and the adaptability of the design process itself. Through the
examination of the adaptability of the crowdsourcing product platform, the
collaborative evolution patterns between designer experience and the con-
ceptual design system of the product family are elucidated.

4. Appendices and nomenclature: Application verification
4.1 Experimental approach

To explore the influence mechanism of designer experience and the co-evolution
dynamics that underpin product family conceptual design in response to mutable
operating conditions, driven by distributed cognition, it is imperative to conduct
experimental assessments of pertinent characteristic parameters. This can be achieved by
integrating the perceptual and cognitive dimensions of design subjects (i.e., designer
experience). The essential components of the human-machine interaction experiment
are illustrated in Figure 7. The primary focus of the experiment centers on the
relationship between the dependent variable (i.e., product function-behavior-structure
parameters) and the independent variable (i.e., crowdsourcing design requirements)
asinformed by designer experience. Focusing on the design feature attributes throughout
the product lifecycle and utilizing a design uncertainty prototype (design state) derived
from multisource heterogeneous data within the design environment, an initial parse
prototype of design perception (pp0) is developed in response to the personalized

Designer experience: @% ‘

Design perception and

cognition
7 = - h N N
7
/ /\ \
[
Independent variable: / Design state: Designer family, Dependent variable:
crowdsourced design —M\ design task, parameter settings, and |—| product function-
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Other factors in the
design environment
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learning and discovery
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Figure 7.
Key components of the human—machine interactions experiment.
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crowdsourcing design requirements articulated by users. Following this, the designer
engages in a structured process, progressively translating user needs into specifications
for product function-behavior-structure requirements, establishing a well-defined
design problem, and generating a subsequent parse prototype of design cognition (pp1).
The interplay and mapping between the design uncertainty prototype (design state),
perception parse prototype (pp0), and cognition parse prototype (ppl) culminate in the
formation of a designer experience computing model. In this context of an uncertain
and dynamic design environment throughout the product lifecycle, the design
representation is refined through the learning and discovery processes inherent to
designer experience, encompassing product function-behavior-structure information.
Through iterative design and structural control analysis, a hierarchical model for product
family conceptual design representation is established to effectively address the needs
arising from crowdsourced product development.

Based on the theoretical model of key components in human-machine interaction
experiments, the selection of the intelligent tool holder product family design for
a CNC machine tool composite machining center in Jiangxi serves as a representative
application. The automatic control system of the CNC composite machining center
entails mechatronic design and is fundamental in regulating the movement of
mechanical execution components. The intelligent tool holder acts as a key
component within this automatic control ecosystem. Given that the tool directly
interacts with the workpiece, it is susceptible to vibrations that can adversely affect
the surface quality of the machining process. Therefore, various sensors, including
temperature and force/torque sensors, are integrated into the tool holder. These
sensors are interconnected with a microprocessor, enabling functionalities such as
tool wear monitoring, vibration detection, and fracture alarms.

Current methodologies for collecting tool-tip response data typically involve sensor
placements on the workpiece material or the machine spindle, which are distanced
from the cutting location. However, due to the intricacies of the end-cutting system,
the transmission of vibration between the tool tip and the stationary sensors
introduces noise, thereby complicating the analysis of tool-tip dynamic response and
diminishing the accuracy of finely detailed phenomena. To fully elucidate dynamic
end-cutting issues such as tool chatter, wear, and failure, it is essential to observe the
tool-tip response characteristics directly during the cutting process. Integrated sensors
are employed to facilitate precise perception of the primary cutting forces. By
analyzing the signals of these forces and implementing compensation measures,
cutting thickness can be accurately assessed. This approach allows for dynamic
monitoring of the tool cutting state, thus ensuring the machining quality and reliability
of the CNC composite machining center equipped with the intelligent tool holder.

In light of this engineering context, and commencing with an analysis of the
functional components and characteristics of the intelligent tool holder, combined with
relevant design standards and specifications for CNC machine tool design, this study
investigates how the interplay between design perception and cognition influences the
product family design of the intelligent tool holder for the CNC composite machining
center under personalized user requirements. Furthermore, it seeks methodologies
for the co-evolution of designer experience and product family conceptual design.

(1) Relevant characteristic parameters pertaining to design perception and

cognition in the intelligent tool holder product family design are collected and
validated through on-machine experiments conducted on the CNC product
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An experimental planning scheme for CNC composite machining center—intelligent tool holder product family
design.

platform. The experimental planning scheme for the CNC composite machining
center-intelligent tool holder product family design is depicted in Figure 8.

It primarily encompasses user requirements, the crowdsourced designer family,
the crowdsourced product platform (machine controller, machine tool,
workpiece, sensor-integrated tool holder, tool holder body, wireless receiver/
transmitter, microprocessor, and PC), human-machine interaction (design
perception and cognition), iterative design solutions, and output.

(2) Experiments are conducted to examine the impact of design environment
variables on the function-behavior-structure parameters of the intelligent
tool holder. Additionally, the influence of design perception-cognition
coupling on design iteration and the regulation of collaborative evolution of
the intelligent tool holder product family, based on designer experience, are
investigated. Data concerning the development of the intelligent tool holder
product family are collected and analyzed using consistent processes,
workpieces, and machining programs. Considering the parameters associated
with machining conditions, iterative optimization calculations for the
intelligent tool holder product family design are performed based on the
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updated product family design iteration model, which integrates perception
and cognition. Complementing this, human-machine interaction experiments
are conducted to gather data on design situational perception, design intent,
and machining errors induced by the intelligent tool holder. A multi-objective,
multi-parameter design iteration evaluation program is employed to assess
the iterative performance of the intelligent tool holder design. The
optimization of parameters within the designer experience computing model,
influence model, and other analytical frameworks — alongside dynamics
analysis parameters related to machine structure, control, sensors, and
human-machine interaction design - is carried out. The machining error
parameters caused by the intelligent tool holder are measured and compared
with those from alternative product family design schemes to validate the
collaborative evolution mechanism of the designer experience-based
conceptual design system for the intelligent tool holder product family.

(3) Utilizing the designer experience computing model, import model, influence
model, propagation dynamics model, and adaptive analysis within the product
family conceptual design system, a prototype system is constructed for the
evolution of product family conceptual design grounded in designer experience.
The modular design of the intelligent tool holder effectively leverages the
designer experience evolution model to balance corresponding design
objectives, thereby influencing the innovative design of the CNC composite
machining center model. These results can facilitate the analysis of machining
strategies, cutting parameters, and product model selection, ultimately shaping
the innovation design evolution strategy for the CNC composite machining
center—intelligent tool holder product family.

4.2 Discussion

A distributed cognition-driven intelligent design theory and methodology for
crowdsourced products is proposed. This approach, when combined with case-based
model construction and validation procedures, is compared to existing intelligent
design methodologies, incorporating three key techniques based on the analytical
framework presented in the third section: (1) A product family conceptual design
iteration model is constructed based on the design environment, integrating
perception and cognition; this model serves as the theoretical basis for multi-
objective evaluation and strategic regulation in personalized customization. (2
A multi-parameter and multi-objective comprehensive evaluation function for
product family conceptual design iteration is established by integrating design
context feature parameter identification rooted in designer experience. This function
is crucial for translating the influence of designer experience on the evolution of
product family conceptual design into practical applications, significantly enhancing
the quality and efficiency of product platform design. (3) An adaptive analysis of
the crowdsourcing product platform is conducted, utilizing multisource
heterogeneous data from product development networks and focusing on the
evolution of designer experience. The platform dynamically perceives variations in
the design environment and product performance, facilitating the construction of an
adaptive product family conceptual design system characterized by autonomous
perception, intelligent decision-making, and efficient execution.
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Methodological limitations: Within the realm of multi-agent modeling of the
design environment, employing Bayesian networks to depict the design behavior of
crowdsourcing individuals enhances the representation of uncertainty and causal
reasoning. However, at the micro-level of individual cognition in intelligent design
for crowdsourced products, while Bayesian networks effectively convey
probabilistic cognitive updating of agents, accurately constructing network
topologies and conditional probability tables significantly relies on experiential
knowledge and faces challenges in capturing implicit processes, such as creative
generation dynamically. At the macro-scalability level, multi-layer Bayesian
networks introduce multisource heterogeneous data and leverage designer
experience to elucidate relationships in design change propagation across groups or
levels, thereby increasing model complexity and necessitating commensurate
computational resources to support intelligent design in crowdsourced product
groups. Furthermore, the integration of multimodal physiological and behavioral
design data, encompassing dimensions such as designers’ emotions, cognitions, and
motivations, remains a significant limitation and challenge in achieving intelligence
within distributed cognition-driven crowdsourcing design environments.

5. Conclusions

Intelligent design of crowdsourced products represents an emerging paradigm
that integrates collective knowledge, machine intelligence, and distributed
collaboration. This approach is increasingly becoming a frontier in digital innovation,
significantly enhancing both the efficiency and creativity of crowdsourced product
development. To further advance the study of theories and methods pertinent to
the intelligent design of crowdsourced products, driven by DCC, this chapter
identifies the limitations inherent in conventional crowdsourcing design theories and
methods, particularly within the context of digital collaborative innovation. It
proposes a comprehensive framework encompassing the connotations and
characteristics of a distributed cognition—driven approach, while also addressing the
accompanying challenges.

From dual perspectives — namely, the experience-influence mechanism of the
distributed cognition—driven design agent and the dynamics of crowdsourcing-based
digital collaboration - this work explores and constructs innovative theories and
methods for the intelligent design of crowdsourced products. Application validation
is conducted through a pilot case study involving an intelligent tool-holder prototype
system tailored for a crowdsourced product platform, utilizing a CNC machining
center. This study discusses the pivotal technologies that harness DCC to propel the
intelligent design of crowdsourced products.

The findings present a novel perspective on distributed co-creative design
iteration within human-machine—environment systems, thus expanding existing
theories and methodologies surrounding CPD while laying a technical foundation for
personalized customization. Furthermore, this research addresses the complexities
of change propagation amid perceived design uncertainty, emphasizing that
designer experience — comprising emotion, cognition, and motivation — necessitates
the integration of multimodal physiological and behavioral data. This convergence
represents a significant hurdle in achieving enhanced intelligence within
crowdsourced design environments.
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As an exploratory study, the theories and methods articulated herein provide
fresh insights into crowdsourcing design, albeit with the recognition that further
refinement and elaboration are requisite. The primary directions for future research
are threefold. First, the research will examine the influence mechanisms of
distributed intelligent design agents (i.e., designer experience), with the aim of
alleviating the compounded uncertainties and computational complexities associated
with multiple design elements, thereby facilitating a natural semantic grouping and
representation of distributed experiences. Second, it will seek to integrate the
asymmetric cognition characteristic of product family design and stakeholder-
distributed autonomy, interpreting the principles of distributed cognitive coupling
and mapping, and undertaking coupled design evaluations while preserving
cognitive characteristics and ensuring effective design iteration performance. Third,
a framework for the intelligent design of product families — driven by DCC - will
be established. This framework will capitalize on context-aware distributed
cognitive optimization to analyze design expression and perception, resulting in the
construction of a model adept at adaptive environmental intelligence, semantic
mining, and application.

It is anticipated that this work will offer valuable insights into the development of
distributed cognition-driven theories of intelligent design for crowdsourced
products, thereby fostering the generation of original results in future research
endeavors focused on crowdsourced digital collaborative innovation within this
interdisciplinary field. This study exemplifies an innovative pathway toward scalable
personalized customization by establishing a distributed cognitive framework for
crowdsourced product development that integrates human-AI hybrid intelligence.
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Chapter 7

Perspective Chapter:
Crowdsourcing - Innovations in
Digital Collaboration in Africa
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Abstract

It is projected that the potential of Sub-Saharan Africa’s crowdfunding market
will reach 2.5 billion dollars by 2025. Crowdfunding in Africa differs due to the
volatile but young macro-environment, which enables offline backer contributions
and project success. Crowdfunding is a viable means of funding the Sustainable
Development Goals (SDGs). Online finance does not include the provision of
economic assistance to intermediaries, for example, banks, from contributions by
users whose incentive may be in exchange for some reward and/or altruism.
Blockchain and smart contracts enhance and enable crowdfunding websites by
eliminating intermediary third parties, allowing users to better see how their money
is being allocated, and opening a ledger for all transactions. This chapter aims to
contribute to the scientific literature on information technologies for sustainable
development by constructing a bibliometric study to determine the most efficient
contributors and the most impactful authors, countries, publishers, institutions, and
journals on blockchain to address SDGs using crowdfunding; to construct a system of
classification that organises research into categories and sub-categories representing
the state of the art; and to determine the most important results and a research
agenda for the future in each research category and sub-category. This research has
highlighted the digital divide as one of the most probable crowding-out drivers for
crowdfunding growth in Africa. Rather than waiting for empirical verification of this
theory, home governments can act to further decrease the digital divide in their
nations to launch the crowdfunding sector more effectively into flight in Africa.

Keywords: Sustainable Development Goal, crowdfunding, entrepreneur, startup,
Africa

1. Introduction

Small and medium-sized enterprises (SMEs) and startups in Africa face a
significant financing gap of approximately US$140 billion, which prevents them
from developing innovative solutions to climate change, social disparities, and
economic issues. Crowdfunding is a cheaper substitute for venture capital and
bank finance, enabling projects to raise funds from numerous small financiers instead
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of a few big financiers [1]. Crowdfunding is rapidly becoming an extremely potent
means of funding sustainability projects, such as those for rural development. Recent
studies examine how crowdfunding platforms integrate sustainability goals and how
that strategy can empower rural communities [2]. It allows local entrepreneurs,
SMEs, and communities to raise funds directly from a wide pool of supporters,
including the African diaspora, thus democratizing access to capital and encouraging
community-led solutions to urgent issues. Crowdfunding knowledge and resources
are requested from a geographically dispersed crowd through digital platforms.
Crowdfunding is one specific sub-type that seeks monetary support from a large
crowd of people, usually through online intermediaries. In contrast to conventional
means of funding from a small cohort of large-scale financiers, crowdfunding re-
allocates small clusters of money from numerous funders, rendering finance an
inclusive and collaborative digital process.

This chapter seeks to address a fundamental research question: How can
crowdfunding be an innovation and sustainable development driver in Africa? The
objective is to explore how various crowdfunding models, particularly reward-based,
donation-based, and equity crowdfunding, can bridge financing gaps and propel
Africa’s attainment of the United Nations Sustainable Development Goals (SDGs),
particularly Goal 8 (Decent Work and Economic Growth), Goal 9 (Industry,
Innovation, and Infrastructure), and Goal 17 (Partnerships for the Goals).

Globally, there is a consensus on the need to mobilise both domestic and
international resources to achieve the SDGs [3]. The goal is to attain sustainable
socioeconomic progress, that is, enhance social and economic advancement while at the
same time preventing environmental degradation, enhancing the efficiency of resource
use, building more sustainable lifestyles, reducing poverty, promoting the shift towards
low-emitting carbon green economies, and enhancing the quality of justice and public
health [4]. In African financial inclusion, where challenges exist, crowdfunding is one
way to achieve entrepreneurial finance in line with these objectives.

In recent years, crowdfunding has emerged as a transformative financial
mechanism for fostering innovation and entrepreneurship, particularly in regions
with limited access to traditional funding sources. In Africa, where financial inclusion
remains a challenge, crowdfunding presents a viable alternative for mobilising
resources to support startups, social enterprises, and sustainable development
initiatives [5]. The continent’s growing digital penetration, youthful population, and
entrepreneurial spirit create a fertile ground for crowdfunding platforms to thrive,
bridging the gap between innovative ideas and much-needed capital [6].

Foundations and philanthropic organisations play a crucial role in Africa’s
development landscape, yet their potential to leverage crowdfunding for sustainable
impact remains underexplored. By integrating crowdfunding into their funding
models, foundations can amplify their reach, democratize access to finance, and
support grassroots innovations that align with the United Nations SDGs [7]. Moreover,
the collaborative nature of crowdfunding fosters community engagement, ensuring
that development initiatives are demand-driven and locally relevant [8].

This chapter examines how crowdfunding can serve as a catalyst for innovation in
Africa, unlocking the untapped potential of foundations to drive sustainable
development. It analyses successful case studies and existing challenges, and the
study highlights strategies for maximising the impact of crowdfunding in fostering
inclusive growth across the continent. This chapter adds to sustainability-focused
crowdfunding literature in practice and theory. It develops theoretical crowdfunding
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knowledge beyond the conventional finance theory by emphasising its contribution
to SDG achievements. The complete bibliometric analysis demonstrates emerging
fields of research and voids in the literature, offering a clear-cut research direction
for scholars in further research. While recent research has helped in the build-up of a
noteworthy contribution to current scholarship on crowdfunding in driving
sustainability [9, 10], there remain imperative gaps in terms of its long-term effect
on a wide range of SDGs.

1.1 Literature review: Crowdfunding and innovation in Africa — unlocking
grassroots potential for sustainable development

The increase in restrictions on access to finance due to the unavailability of
finance is a growing concern for new SMEs and entrepreneurship after the global
financial crisis. Crowdfunding has increased in growth and popularity towards the
disintermediation of the finance market. This contributes to access to finance for
SMEs due to a lack of finance. Crowdfunding has emerged as a route of alternative
financing in Africa because bank loans and venture capital are not accessible to the
majority of entrepreneurs, especially at the grassroots level [6]. A boom in mobile
money and internet-based platforms has driven the development of crowdfunding
models, that is, donation-based, reward-based, equity-based, and peer-to-peer
lending. Africa’s digitally active, young population and rising internet penetration
have also spurred the growth of crowdfunding as an innovation driver and economic
empowerment tool. Four prominent categories of crowdfunding include donation-
based, reward-based, equity-based, and debt-based [8, 11].

¢ Donation-based crowdfunding involves the practice of donors contributing
money towards funding a cause or project without receiving any tangible reward.

e Reward-based crowdfunding offers non-monetary rewards, such as goods or
services, to backers.

¢ Equity-based crowdfunding offers the possibility for contributors to become
co-owners (shareholders).

¢ Debt-based crowdfunding (or peer-to-peer lending) allows backers to lend
money to entrepreneurs in the hope of being repaid with interest.

Donation- and reward-based forms are the norm in the African context because of
regulatory limits, low investor consciousness, and immature capital markets [12]. This is
accompanied by the emergence of platforms like ThundaFund (South Africa),
StartSomeGood (Nigeria), and M-Changa (Kenya) as principal promoters of local
innovation and growth. However, for all the promise that it holds, African adoption of
crowdfunding remains uneven. Digital illiteracy, weak regulatory frameworks, and
inconsistent investor protection are the primary hurdles to widespread application [48].

1.2 Crowdfunding as a catalyst for grassroots innovation

Historically, African cultures have had collective fundraising systems such as
Ghana’s susu, Kenya’s harambee, and South Africa’s stokvels, which set the cultural
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precedent for contemporary crowdfunding platforms that focus on communal
financial support for social impact initiatives [11]. African traditional banks prefer
established companies and avoid lending capital to startups or SMEs because they
consider them risky and lacking collateral. Consequently, very few African SMEs
have access to credit or bank loans. Crowdfunding websites fill this void, stepping in
to rescue entrepreneurs who would otherwise have to rely on word-of-mouth or
personal financing [13].

Crowdfunding is the raising of funds from a large number of investors,
traditionally carried out online. It has been credited as a top ten invention of the
twenty-first century. It offers an alternative form of financing compared to
traditional forms, for example, bank loans and equity financing. The advantages of
crowdfunding over traditional means of financing are that one can quickly reach
many potential investors, benefit from opportunities for instant interaction and
information exchange with crowdfunding stakeholders, leverage market perceptions
(‘crowd wisdom’), and require a very low level of bureaucracy.

The worth of funds raised by means of crowdfunding amounted to US$940.9
million in 2020. That is expected to continue growing in the future at a rate of 5.8%.
Crowdfunding investment globally is projected to amount to $93 billion in 2025,
according to the World Bank Report. Crowdfunding allows entrepreneurs to seek
funds directly from a wide pool of supporters at home and abroad. Crowdfunding
decentralises finance [11]. This route bypasses the expensive expectations of banks
and investors, allowing grassroots innovators more chances to raise money for
piloting and incubation of ideas [14].

Most African traditional banks have tight lending standards, demand collateral,
and lend to a limited proportion of the population. An estimated 43% of adults in
Africa have a bank account, and only 22% of micro- and medium-sized businesses
can access loans or utilise credit [15]. Crowdfunding platforms allow micro-
enterprises and small businesses to finance their operations directly from a broad
base of patrons, bringing capital to individuals who are outside mainstream financial
institutions [16]. Most Africans do not have access to mainstream banking services,
yet with universal mobile money service penetration (e.g., M-Pesa), individuals can
avail themselves of crowdfunding without necessarily needing a bank account. The
technology leapfrogging allows remote or under-banked innovators to access funds
and finance campaigns.

Crowdfunding has proved to be the primary force in expanding access to capital
and limiting the power of legacy gatekeepers, such as banks and venture capitalists
[17]. Crowdfunding in Africa promotes innovation by:

* Directing early-stage funds to entrepreneurs without collateral or credit history.
e Experimenting with ideas and getting feedback from potential purchasers [8].

e To form communities within startups and social issues, building trust and
transparency.

Multiple studies identify the capacity of crowdfunding in the African innovation
landscape. In a study submitted by the African Crowdfunding Association [18],
platforms had mobilised more than $200 million during 2020 alone, with a focus on
SDG-based sectors like clean energy, education, healthcare, and food security. For
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example, the JumpStart Africa platform has supported innovative initiatives and
technological innovations across East Africa and West Africa.

Secondly, crowdfunding is also an informational signal of quality to other
investors. Signalling theory [19] suggests that a successful crowdfunding would send
a message to subsequent-stage investors that a project is marketable and has social
support. In this regard, the integration of foundations in the crowdfunding platform
would be an essential parameter for gaining credibility, visibility, and legitimacy for
African innovative projects.

Crowdfunding platforms enable entrepreneurs to present their business ideas
via the internet to a wide population and mobilise funds from individuals and
institutions without necessarily going to traditional banks or venture
capitalists [20]. This is very useful in Africa, where bank loans are scarce, and
banks are risk-averse. Entrepreneurs expose their ideas to the public to test
business ideas and see if people or backers are interested. Successful campaigns
also prove demand, which can drive subsequent investment and create early
customer loyalty [13].

1.3 Internet penetration in Africa: Key statistics and sources

Internet penetration in Africa has expanded substantially over the last decade,
driven by mobile coverage, investment in infrastructure, and low-cost smartphones.
Regional disparities remain, though. Here are key statistics and sources:

1.3.1 Overall internet penetration in Africa (2024)

Internet users in Africa: around 570 million (43% internet penetration rate) [21].
Since 2010: over 1,200% rise in internet users [22].

Mobile internet supremacy: more than 90% of Africans are mobile internet
users [23].

1.3.2 Internet penetration by region

North Africa: highest rate of penetration (70%), led by Egypt (72%) and Morocco
(88%) (Internet World Stats, 2024). Sub-Saharan Africa: ~40% penetration, led by
South Africa (72%), Kenya (54%), and Nigeria (55%) [24]. Lowest penetration:
Eritrea (12%), Burundi (15%), and Niger (18%) are among the lowest [25].

1.3.3 Use of social media and mobile internet

Active social media users: 435 million (33% penetration) [21].

Best-used platforms: WhatsApp, Facebook, TikTok. Subscriptions to mobile
broadband: 50% of the population [23].
1.3.4 Barriers to higher penetration

Affordability: only 25% of Africans can afford 1GB of mobile data [26]. Gaps in
infrastructure: rural areas are lagging behind, with 60% of urban populations online

compared to just 25% of rural populations [22]. Gender gap: women are 37% less
likely to access mobile internet [23].

159



Crowdsourcing — Innovations in Digital Collaboration

Internet penetration

Africa Global average

Figure 1.
Internet penetration rate in Africa for the year 2022. Source [24].

Figure 1 indicates the gap in internet penetration in Africa compared to the global
average. From the figure, it is clear that internet penetration in Africa is 43.2%,
which falls below the global average of 67.9%. This digital gap highlights the
persisting issues of infrastructure development, accessibility, and digital literacy on
the continent. The comparatively low level of connection directly impacts industries
that depend on digital access, including agriculture, finance, and education. In such a
research setting, limited internet coverage can hinder the effective rollout and
coverage of innovative finance offerings like blended finance, especially in rural and
underdeveloped agricultural areas.

1.4 Banking infrastructure in Africa: Key statistics and sources

Africa’s financial infrastructure remains underdeveloped on a global scale, and
variations between countries are significant. Some of the key facts about the
extent of financial access, online banking, and issues confronting the sector are listed
below:

1.4.1 Penetration of traditional banking

A bank account is held by just 48% of Sub-Saharan African (SSA) adults,
compared to the world average of 76% [27]. Account ownership is greater in North
Africa at 54% but still trails behind other developing regions [27]. The largest banked
populations are in Mauritius, Seychelles, and South Africa (over 80%), while the
smallest banked populations are in Niger, Chad, and Madagascar (under 20%) [28].

1.4.2 Mobile money and digital banking growth

Africa is the world’s leader in mobile money, with 64% of worldwide mobile
money transactions occurring in SSA [23]. Twenty-one percent of African adults
have mobile money accounts, compared to only 4% in 2014. The most penetrated
markets for mobile money are Kenya, Ghana, and Zimbabwe (over 75% of adults),
followed by services such as M-Pesa, MTN Mobile Money, and EcoCash [23].
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1.4.3 Bank branch and ATM availability

The Sub-Saharan Africa region has a paltry 5.3 bank branches per 100,000 adults,
as opposed to 12.7 in Latin America and 28.5 in developed OECD economies [29].
ATM access is withheld from rural communities, with only 5.1 ATMs per 100,000
persons in SSA, as opposed to 55 per 100,000 in developed economies [25].

1.4.4 Barriers to financial inclusion

Distance to banks: 35% of unbanked Africans identify distance to banks as the
primary limitation [28]. High charges: transaction and account-maintenance fees are
still out of reach for the low-income population [29]. Documentation requirements:
approximately 30% of the unbanked do not possess the required identification or
collateral [27].

1.4.5 Fintech and alternative finance expansion

African fintech companies raised more than $2.7 billion in funding in 2022, led by
Nigeria, Kenya, South Africa, and Egypt [30]. Neobanks and digital banks
(TymeBank, Kuda, Opay) are expanding very quickly, focusing on underbanked
segments [31].

Africa’s bottom-up innovators tend to be required to overcome structural
impediments, such as inaccessibility to formal finance systems and bureaucratic
barriers [32]. Crowdfunding offers an open architecture, which enables
innovators to bypass customary gatekeepers and directly transact with an
international community of supporters [7]. Literature highlights instances where
African businesspeople harnessed platforms such as M-Changa (Kenya),
Thundafund (South Africa), and GoFundMe to crowdfund renewable energy
ventures, agritech startups, and community-hospitality-based health
initiatives [33].

Mollick [8] contends that, aside from finance, crowdfunding is also an
experiment with validation, allowing innovators to gauge market viability prior to
mass production. This is especially crucial for Africa, considering the resource
constraints, which call for lean and agile models of innovation.

2. The role of foundations and institutional support

While grassroots-level crowdfunding is fuelled by peer and community
contributions, foundations and development institutions can leverage its potential
through strategic partnerships [5]. Certain foundations in Africa, like the African
Innovation Foundation (AIF) and the Tony Elumelu Foundation, have started
incorporating crowdfunding into their grant-making practices by offering matching
funds or technical assistance to grassroots projects [12].

Nonetheless, digital illiteracy gaps, regulatory ambiguity, and some African
nations’ currency controls hinder the full potential of crowdfunding [34]. In order to
prevent such hindrances, scholars recommend policy reforms, capacity development
initiatives, and blended finance schemes integrating crowdfunding with
conventional grants [35].
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3. Research methodology

To properly map and scrutinise the academic landscape with regard to
crowdfunding, innovation, and sustainable development in Africa, this study
utilised an exhaustive bibliometric analysis. This allows for the determination of
trends in research, thematic communities, and knowledge gaps, thus complementing
the chapter’s objective of sharpening theoretical and practical insights into the role of
crowdfunding in driving innovation and attaining the SDGs. The research employed
a descriptive bibliometric study design using the convergence of quantitative
analysis of publication data and qualitative thematic interpretation of trends. This
enables statistical mapping and contextual comprehension of emerging research
frontiers.

This chapter offers a greater qualitative examination of effective and
ineffective African crowdfunding campaigns, with applied lessons for the practice
of crowdsourcing. ThundaFund in South Africa and M-Changa in Kenya case
studies reveal that the effectiveness of a campaign largely depends on
collaborative dynamics among creators, funders, communities, and platforms.
Effective campaigns, including the African Innovation Festival and the
Community Water Wells Project, utilised regular updates, included supporter
input, mobilised online and offline networks, and tied messaging to indigenous
cultures, which allowed them to fundraise above the initial call. Ineffective
campaigns like the Green Village Solar Hub and the Youth IT Hub did not succeed
because they lacked regular updates, featured poor storytelling, and had low
interaction, leading to disappointing funding results. Key findings underscore the
need for transparency, active two-way interaction, multi-channel mobilisation,
cultural sensitivity, and capacity building for project developers, as a testament
that crowdfunding, as a form of crowdsourcing, is dependent on active, ongoing
collaboration.

4. Crowdfunding and SDGs

Crowdfunding allows diverse stakeholders to fund projects aimed at addressing
significant global issues. Crowdfunding, being flexible and accessible, is best suited
to fund projects focused on several SDGs like poverty reduction, gender equality,
economic growth, innovation, and partnership. Social mobilisation and sustainable
empowerment technologies are the current trends in social movements within
grassroots innovations. Climate change is currently one of the biggest challenges in
the world. Human activity, such as the burning of fossil fuels and forest waste, is
causing climate change through the emission of greenhouse gases (GHGs) [36].
Renewable energy utilisation has the potential to reduce the negative impacts of
climate change and environmental degradation. Since renewable technologies are at
an embryonic stage, research and developmental exercises for their future
exploitation entail considerable investments [10].

4.1 Crowdfunding support for specific SDGs

SDG 1 (No Poverty): crowdfunding allows for support of income-generating
projects that empower people and communities to rise above poverty. Agricultural

162



Perspective Chapter: Crowdsourcing - Innovations in Digital Collaboration in Africa
DOI: http://dx.doi.org/10.5772/intechopen.1013686

cooperatives or renewable energy-based campaigns, for instance, offer sustainable
livelihood options, enhance food security, and effectively reduce poverty [37]. Its
aim is to eradicate all forms of poverty and is among the universally accepted
collection of 17 development goals that nations have set for themselves to be met by
the year 2030, known as the 2030 Agenda [38]. Therefore, entrepreneurs play an
important role in economic activities and growth in developing countries by creating
jobs and fostering economic development [39].

SDG 5 (Gender Equality): crowdfunding supports gender equality as it empowers
cooperatives and women-owned businesses. Programs such as Angola’s Solar
Kitchen project empower women by facilitating access to sustainable farming
production and renewable energy, enhancing their socioeconomic status and social
standing. The minority group, females in particular, and their underrepresentation
in the finance market have been a long-time issue for both policy makers and
researchers of entrepreneurial finance [40].

The advent of online finance innovations, like crowdfunding, therefore promises
more meritocracy in entrepreneurial finance and should easily facilitate female
entrepreneurs and minority investors, who are normally in the minority, to be
brought into finance [38].

SDG 8 (Decent Work and Economic Growth): crowdfunding facilitates
employment and economic growth for entrepreneurship and SMEs. It reduces
financial thresholds, increasing entrepreneurship and innovation, which are
critical to inclusive economic growth [41]. These factors and more have led to an
increased need for financial inclusion. The United Nations enumerated a list of 17
global goals under the SDGs aimed at addressing the multiple social, economic, and
environmental issues the world is already battling [42]. ‘Decent Work and
Economic Growth’ is a hallmark describing SDG 8, which strives to enable
productive work, inclusive and sustainable economic growth, and decent work for
everyone [43].

SDG 9 (Industry, Innovation and Infrastructure): crowdfunding enables local
innovators financially to develop new technologies and infrastructure projects [44].
Myanmar’s pay-as-you-go home solar systems are another instance of how
crowdfunding enables innovative business models that are suited to local conditions.
This financial system leverages the use of the internet to combine small amounts of
money from many individuals to fund a wide range of purposes, for example, artistic
endeavors, product development, and business beginnings [45].

SDG 17 (Partnerships for the Goals): crowdfunding websites connect funders,
social entrepreneurs, and communities around the world, creating partnerships that
scale impact [46]. Crowdfunding websites are markets that organise donations and
investments, bringing together the muscle of citizens, businesses, and governments
to drive the SDGs.

4.2 Crowdfunding and the SDGs

Crowdfunding has become a key vehicle to facilitate the attainment of the United
Nations SDGs by assisting individuals, organisations, and communities in raising
funds to finance projects that promote social, environmental, and economic
development. Firstly, crowdfunding is closing the financing gap: financing the 17
SDGs by 2030 will cost trillions of dollars a year, most of which is in developing
countries. Crowdfunding provides an alternative and complementary pool of
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financing, especially for bottom-up and frontier projects that have little hope of
being financed conventionally. Secondly, democratisation of finance: crowdfunding
enables anyone, from individuals to institutional investors, to finance SDG-focused
projects, creating a global sense of ownership and contribution towards sustainable
development. Thirdly, scaling social innovation: by reducing barriers to entry,
crowdfunding allows social entrepreneurs and community groups to test and scale
SDG solution models, such as clean energy, poverty alleviation, and climate
resilience. Lastly, raising awareness and engagement: Campaigns typically raise not
only money but also consciousness about key causes, engaging diverse constituencies
and raising the profile of the SDGs.

Figure 2 is a world map illustrating crowdfunding revenue by continent. It shows
the amount of crowdfunding revenue raised per region: North America: $17.2 billion
(most), Asia: $10.54 billion, Europe: $6.48 billion, South America: $85.74 million,
Oceania: $68.8 million, and Africa: $24.16 million (least). Figure 2 illustrates the vast
difference in crowdfunding revenue among regions, with developed markets such as
North America and Asia performing strongly, while South America and Africa are far
behind.

The legal environment, financial infrastructure, and business climate of Africa
differ from the principal sources of crowdfunding, such as the USA, Asia, and
Europe. As noted previously in Section 4.1, the level of bank account ownership, for
instance, is quite low compared to HICs and is highly skewed in African nations. The
crowdfunding platforms committed to or with facilities for African projects,
therefore, are confronted with heterogeneous or untested challenges [11]. Local
crowdfunding platforms are likely to be most aligned with the local infrastructure
and accommodate all aspects of crowdfunding, independent of internet connection
or the utilisation of formally banked accounts [47]. An example is M-Changa, a
Kenyan platform that incorporated more prevalent mobile money technology into

$17.2 BILLION

North American
@l Crowdfunding Revenue

$10.54 BILLION

Asian Crowdfunding
Revenue

$6.48 BILLION

European Crowdfunding
Revenue

$68.8 MILLION

Oceanic Crowdfunding
evenue

$24.16 MILLION

South American

Crowdfunding Revenue African Crowdfunding
Revenue

Figure 2.
Crowdfunding activity by region. Source [24].
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the product. M-Changa works together with internet payment and mobile money
service providers to enable Kenyan families and micro and small businesses to raise
funds without having a bank account. The facility to fundraise on mobile can even be
given to internet-averse individuals.

Challenges also lie in the guise of weak or nonexistent laws and regulations to
safeguard both providers and users of the crowdfunding platforms. A regulatory
system is required for loan- and equity-based crowdfunding platforms to secure the
rights of backers. A special legal framework for crowdfunding also gives confidence
and protection to platforms and businesses that otherwise are running in
unregulated, off-the-books markets. Stable and trustworthy systems of laws give the
required confidence for crowdfunding platforms to gain footing, invest, and
fundraise. Moreover, the lack of legislation discourages the development of the
crowdfunding market as a whole.

The previous section discussed the overview of crowdfunding and sustainability
in the African continent. Therefore, the current section discusses the drivers of
crowdfunding success, particularly in the African continent. Potential backers and
investors consider the existing information at their disposal to make a decision on
whether to invest or not. The determinants of crowdfunding success are as follows:

Following this view, illustrating the crowdfunding stakeholders during the
campaign process, the knowledge and skills developed will likely enhance the chance
of success in new projects. The crowdfunding stakeholders are illustrated in
Figure 3.

The four main parties to crowdfunding transactions include the Entrepreneur,
the Backer, the Regulations, and the Crowdfunding platform. Accordingly, in the
context of crowdfunding, firstly, entrepreneurs or SMEs are defined as any individual
or group that issues a public call for funding of a project(s) with a specific purpose
(s). The entrepreneur or project creator may benefit from the contributions received
as well as market validation results that arise from wide public acceptance and
support by engaging in cost-effective access to finance. Secondly, a crowdfunding
platform is an internet program that connects SMEs and potential backers while
facilitating trades between them under pre-specified conditions [49]. Several
entrepreneurs in reward-based crowdfunding have been identified as being involved
in scams and fraud due to limited regulations, especially in Africa. Thirdly, regulation
is a set of rules under which crowdfunding models operate in relation to compliance
requirements, primarily aimed at protecting both backers and entrepreneurs or
fundraisers. In this regard, such authorities have vested interests in supporting new
innovative ideas by financing SMEs in their jurisdictions (as job creators and
taxpayers), as well as enabling greater public contributions to civic, cultural,

[ Crowdfunding platform ]
[ Regulation ]

Figure 3.
Crowdfunding stakeholders. Source [48].
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educational, and environmental initiatives that may align with a country’s
government policies. Regulation can be defined as follows: if operations do not
already fall under existing securities or banking laws, policymakers have so far taken
a wait-and-see approach or implemented a light form of regulation that is to be
adapted once regulators have learned more about the functioning of crowdfunding
markets [50]. Finally, backers can be any individual or organisation that provides
finance in response to a public call for the financing of project(s) with specific
purpose(s) and are referred to as backers.

Entrepreneurs have to choose funding mechanisms to finance their
crowdfunding projects. These can either be fixed or flexible funding mechanisms.
Under the fixed funding mechanism, the money contributed is refunded when the
crowdfunding project has not been successful (all or nothing). Under the flexible
funding mechanism, the money contributed to the crowdfunding campaign project is
not refunded, irrespective of whether the project has been successful or not (keep
it all).

4.3 Experience

The entrepreneur has created crowdfunding projects in the past; his/her
experience can help achieve success in obtaining future funding [51]. Therefore,
experience plays an important role in attracting potential backers to invest in a
campaign. Entrepreneurs who lack such experience might need to rely on other
signals to compensate for their lack of credibility, which decreases the likelihood of
success. Experience, measured by the entrepreneur’s previous successful projects on
crowdfunding platforms, is found by [52] to have a positive effect on the success of
crowdfunding campaigns. If a founder has previous successful funding experience,
sponsors are more likely to believe that he or she will be able to complete the current
project.

4.4 Backer

Entrepreneurs seek contributions from the crowd or backers who provide
support for a crowdfunding project [53]. Individuals, for example, might support
the project by providing funding or promoting the project to raise its visibility.
When a potential backer chooses to support a project, they face the challenge of
information asymmetry, which is created by the limited information disclosure.
According to the findings, the primary motivations for entrepreneurs were to
generate finances, obtain confirmation of their abilities, imitate successful
experiences of others, and increase project visibility through social media, which
enhances the likelihood of success. Backers were primarily motivated by the
rewards themselves, the support for an innovative idea, and the contribution to a
creative community [54]. The experience of backers has the potential to influence
crowdfunding success as it serves as a signal of mutual understanding [55, 56, 57].
Several studies revealed that social factors of the community influence
crowdfunding success, in particular the relationship between the entrepreneur
and backers, and the importance of offline relationships. The potential
backers trust the entrepreneur to use pledged funds to deliver on their promises
and trust the crowdfunding platform to conduct pre-screening of projects they
post [58].
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The following explains the role of crowdfunding.

¢ Anchor investments and risk reduction: foundations offer seed-stage, non-
repayable funding (grants) to crowdfunding campaigns. By acting as anchor
investors and making periodic investments in the initial 20-30% of a campaign's
target, they reduce the perceived risk to other potential supporters and foster an
increased likelihood of successful campaigns.

* Match-funding mechanisms: foundations can leverage the collective effect of
crowd-giving through match-funding, in which foundations commit to
matching donations up to a specified level from the crowd. This
incentivises more individuals to contribute because they are aware that their
contributions will be twice as effective. Although foundations are most
visible here, match-funding may also be provided by corporations or the
public sector.

e Credibility and confidence: the establishment of a good foundation is
equivalent to credibility and commitment to the people. If a professionally
functioning foundation in social donation provides its endorsement to a
campaign, it instills trust among the donors towards the validity and viability
of the project.

Expertise and networking: in addition to financial assistance, foundations also
provide impact expertise along with networking opportunities with a wide
group of stakeholders. Having them involved can assist project initiators in
streamlining their strategy, measuring and tracking impact, and connecting
with other partners or supporters.

Platform partnerships and innovation: some foundations partner with
crowdfunding sites or start their own platforms to crowdfund money for
particular causes. Such partnerships can mix and match grant-based and
investment-based models, developing new forms of SPO financing.
Examples include partnerships such as Lendahand with Solidaridad, and
building sites like PlusPlus and Energise Africa that bring alternative capital
sources and expertise together to fund new and innovative projects in fron-
tier markets.

5. Case studies of African crowdfunding campaigns and platforms

In addition to the bibliometric analysis, this section offers an in-depth discussion
of some selected African crowdfunding campaigns and platforms, with an emphasis
on cooperative dynamics among funders, project initiators, communities, and
platform operators. This places crowdfunding as one of crowdsourcing’s sub-types,
where value is co-created through collaborative interactions within online spaces.
The case studies demonstrate the extent to which such collective processes influence
campaign success or failure and provide practical lessons for foundations,
policymakers, and practitioners who wish to utilise crowdfunding for sustainable
development.
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5.1 ThundaFund (South Africa)

ThundaFund is a top South African reward-based crowdfunding platform that
finances innovative, social, and entrepreneurial initiatives. Successful example: ‘The
African Innovation Festival’.

Collaborative features: ThundaFund supports two-way channels of
communication, such as commenting areas, announcements, and social media
integration, where project creators can communicate with backers. During the
African Innovation Festival campaign, organisers provided regular progress reports,
included comments from backers in organising events, established tiered reward
systems, and all of this contributed towards increased perceived value.

Outcomes: the campaign was a success in mobilising 140% of the goal, owing not
just to local but also to diaspora stakeholders in South Africa. Mutual engagement
bred trust, openness, and ownership. Unsuccessful example: ‘Green Village
Solar Hub’.

Collaboration challenges: brilliant idea, but little to no communication with
supporters after the initial launch, sporadic posting, and not responding to questions
eroded supporter trust. The campaign reached only 35% of the target funding.

Lesson: backer maintenance through regular communication and openness is
essential to keep energy levels high in collaborative crowdfunding campaigns.

5.2 M-Changa (Kenya)

M-Changa is an online and mobile fundraising platform that marries age-old
community-based donations (harambee) with more recent digital-era crowdfunding
technologies. Successful example: ‘Community Water Wells Project’.

Collaboration features: M-Changa leverages mobile money channels like M-Pesa,
and rural donors can thus be reached. Organisers of campaigns use WhatsApp groups
for running day-to-day reports, host sub-drives of fundraising organised by backers,
and mark milestones with public recognition.

Outcomes: fundraised 120% of the target, with high engagement from both locals
and diaspora communities. Backer-to-backer involvement, sharing the campaign
through personal networks, increased reach and funding.

Unsuccessful example: “‘Youth IT Hub’.

Collaboration challenges: even though the concept had initial commitments,
inadequate inclusive dialogue among organisers and prospective supporters, as well
as limited social media storytelling, led to declining interest.

Insight: the cooperative nature of crowdfunding goes beyond platform abilities;
social storytelling and network mobilisation are just as important.

5.3 Cross-platform lessons

Throughout these case studies, the following collaboration trends emerge:

Active and transparent communication - regular, genuine updates create backers’
trust and engagement.

Inclusive engagement — engaging communities in establishing campaign
objectives fosters ownership and collective problem-solving.

Leveraging hybrid networks — tapping online spaces, and offline mobilisation
(e.g., WhatsApp groups, neighbourhood meetings) optimises campaign reach.
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Cultural and contextual alignment — effective campaigns align messages and
reward systems with the values and norms of the neighbourhood in order to optimise
resonance with target groups.

Responsive adaptation — addressing backer grievances on a continuous basis may
optimise campaigns mid-stream for greater effectiveness.

6. Discussion lessons, theory, and policy implications

The findings validate that crowdfunding is both a socio-economic facilitator and a
social innovation promoter. Crowdfunding platforms are employed by African
entrepreneurs to raise funds, but more importantly, to test ventures, mobilize
communities, and build trust. The findings are in line with signalling theory (Spence,
2002), as high-quality information disclosure through the use of photos, videos, and
project updates reduces information asymmetry between project initiators and
potential supporters.

While crowdfunding encourages innovation, its emergence is constrained by
regulatory uncertainty, lack of awareness, and unequal technological infrastructure.
Successful adoption in Nigeria, Kenya, and South Africa is an example of where there
are enablers in terms of mobile payment integration and favorable policy
environments.

From a policy perspective, the creation of strong digital literacy, synchronized
crowdfunding laws, and the enhancement of public-private partnerships are critical
to fostering innovation-led crowdfunding economies. Governments, development
agencies, and financial institutions must recognize crowdfunding as a strategic tool
for achieving SDGs by unlocking grassroots entrepreneurship and innovation.

7. Future research directions

Future innovation and crowdfunding research in Africa need to cross the bridge
of technology, policy, and grassroots entrepreneurship to realise its full potential
towards sustainable growth. Studies can examine the potential of emerging
technologies such as blockchain and mobile money to improve transparency, trust,
and access to crowdfunding platforms, especially for marginalised rural populations.
Additionally, comparative analyses among African nations would be capable of
identifying best practices and regulatory frameworks for enhancing innovation
while protecting investors and project developers. Policymakers have to collaborate
with fintech entrepreneurs and development agencies to craft supportive
environments, including financial literacy programs and domestic entrepreneurs’
incentives. Additionally, future studies need to place crowdfunding in the broader
crowdsourcing and virtual collaborative context more prominently. Key areas are
developing new co-operating technologies (i.e., Al, blockchain) to improve trust and
efficiency; growing strategies like gamification and interactive storytelling to
harness crowd participation; providing support for online communities with
ongoing influence after investment; combining crowdfunding with other SDG
solution frameworks of crowdsourcing; making platforms adaptable to local
cultures; and developing metrics that quantify not only money raised but also the
quality and longevity of collaborative networks and sustainability impact.
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Nevertheless, the study is limited in its application of secondary data and
bibliometric sources, which are less likely to uncover developing informal or
community-driven crowdfunding models. Future studies must adopt primary data,
including platform analytics and stakeholder interviews, in order to achieve a more
contextual understanding.

In conclusion, by accepting and embracing crowdfunding in Africa’s
development agenda, policymakers and practitioners will be in a position to unlock a
huge capacity for innovation, job creation, and sustainable development across the
continent.

8. Conclusion

This chapter has examined the revolutionary function of crowdfunding as a new
funding tool in Africa, namely in unleashing latent capacity at the grassroots level to
spur sustainable development. Through different platforms and models,
crowdfunding has emerged as a democratic, inclusive, and affordable tool that
empowers entrepreneurs, community drivers, and social innovators to skip
conventional financial impediments and leapfrog straight to local and international
benefactors.

We have demonstrated that, by being combined with innovation, crowdfunding
has the potential to trigger local development through the activation of dormant
social capital, energising microenterprises, and powering bottom-up problem-
solving. Additionally, it empowers marginalised communities, fosters youth
entrepreneurship, and makes it possible for locally led solutions to the SDGs.

But this chapter also recognises the structural and contextual impediments to the
optimal potential of African crowdfunding, including regulatory risk, weak digital
infrastructure, low financial awareness, and little trust in e-transactions. If these
impediments can be mitigated by favourable policies, greater access to digital
technology, capacity building, and the development of domestic platforms, then the
potential impact of crowdfunding on the continent can be considerably expanded.

In summary, crowdfunding is not just a substitute source of funds; it is a driver of
people-driven innovation and sustainable development. It highlights that the largest
benefit of crowdfunding is its ability to integrate money mobilisation with such
digital collaboration mechanisms as open idea-sharing, stakeholder engagement, and
open progress tracking, which retain influence even beyond seed financing stages.
Through the implementation of crowdsourcing best practices, foundations and
platforms can create robust online communities, improve engagement, and co-create
inclusive innovation solutions to Africa’s development challenges, thereby
contributing to the SDGs.
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Chapter 8

The Impact of Project
Characteristics on Online
Crowdfunding Effectiveness and
Its Potential Mechanisms

Yimeng Zhai

Abstract

The information featured on a crowdfunding page is an important source of
information for potential project backers about the project and can have a significant
impact on backer funding behavior. Crowdfunding information can be divided into
two categories: content elements and structural elements, according to their nature
and characteristics. Relatively, the former is mainly information that has been
artificially edited by the creator, such as project descriptions, project images,
progress updates, etc. The latter is objective factual information about the project,
such as project category, creator characteristics, target amount, etc. Both types of
characteristics show a significant impact on different categories of crowdfunding
projects in general, and their persuasive impact on project audiences or funders can
be explained by signaling theory, the elaboration likelihood model, and Aristotelian
persuasion theory. In addition to the need to further combine multiple research
methods, future research should further strengthen the study of the influence of the
integration of verbal and non-verbal information, the “double-edged sword” effect
of creativity in crowdfunding categories, and the motivation and decision-making
mechanisms of different types of investors or audiences in choosing different types
of crowdfunding projects.

Keywords: charity, online crowdfunding, reward, creativity, persuasion

1. Introduction

Crowdfunding enables fund collection from diverse contributors, including
family, friends, strangers, and businesses. This approach evolved from microfinance
and crowdsourcing concepts, with online implementation facilitating broader social
media outreach. Schwienbacher and Larralde [1] define crowdfunding as an Internet-
based public appeal securing financial resources through donations or exchanges for
rewards or voting rights supporting defined initiatives. Similarly, Belleflamme et al.
[2] characterize crowdfunding as a process of raising capital from numerous
contributors, each providing relatively modest amounts, to finance project
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development. Building upon this existing scholarship, this study conceptualizes
crowdfunding as an innovative financing model whereby project creators leverage
Internet platforms to secure relatively small contributions from a large pool of
individuals to fund their ventures [3].

Online crowdfunding represents the predominant form and a vital funding
channel for businesses and individuals. Compared to traditional mechanisms, it
offers low entry barriers, rapid execution, and enhanced diversity. Participants
extend beyond enterprises, enabling individuals with innovative ideas to serve as
creators or backers. Online crowdfunding encompasses broad project categories,
categorized into four types: charity-based, debt-based, reward-based, and equity-
based [3]. Reward-based crowdfunding constitutes the most prevalent form,
encompassing cultural creativity, agricultural technology, and food industry sectors.
Contributors receive non-monetary rewards, including film credits, commemorative
items, or exclusive creator meetings. Charity-based contributors receive no returns,
representing altruistic consumption that provides psychological satisfaction from
philanthropic engagement. These campaigns address healthcare, environmental
protection, education, disaster relief, and poverty alleviation. Debt-based projects
operate on predetermined return principles, while equity-based crowdfunding
enables direct securities investment with profit stakes [4]. Given debt- and equity-
based crowdfunding’s sophisticated financial behaviors and complex regulatory
frameworks, these fall outside this study’s scope.

Crowdfunding ecosystems comprise three essential components: platforms,
creators, and crowds [5], collectively enabling project implementation. Prominent
platforms include Kickstarter, GoFundMe, Facebook, Sina Weibo, and Tencent
Charity. Most reward-based platforms operate “all-or-nothing” models, where
creators establish funding targets and durations. Meeting predetermined goals by
deadlines yields success and full funding; otherwise, projects fail with refunded
contributions. Research demonstrates that platforms function as critical catalysts
stimulating supporter contributions [6]. Project creators designate registered users
with verified credentials to launch campaigns. Creators encompass individuals, legal
entities, and organizations, with project-specific roles potentially shifting to donors/
supporters. Scholarship has investigated various creator characteristics, including
gender [7], project experience [8], educational attainment [9], social prominence,
occupation, and professional status. These factors significantly influence outcomes.
Borrero-Dominguez et al. [9] showed that gender, experience, and education
substantially impact performance. Similarly, Garcia and Welter [10] found that
male-initiated projects exhibited higher success rates than female-initiated
campaigns. Vismara [11] further revealed that despite comparable abilities to attract
supporters, female creators typically secured lower funding amounts relative to their
male counterparts. Contemporary research on project funders primarily examines
motivational differences across various contributor categories. This body of
literature focuses on the diverse funding motivations that drive different types of
crowdfunding participants [12-14]. Research indicates that reward-based
contributors are predominantly motivated by non-monetary intrinsic factors [15],
whereas charity-based participants are driven by altruistic self-fulfillment, social
recognition aspirations, and interaction requirements [6, 16, 17].

Academic research predominantly examines crowdfunding projects’ inherent
characteristics. Substantial attention is given to investigating how descriptions,
images, deadlines, target amounts, and observable launch characteristics impact
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performance. To elucidate the effects of project characteristics and their underlying
mechanisms, this study categorizes the influence of project content elements and
structural elements into two distinct dimensions: project appeal and presentation.
Content elements correspond closely to advertising appeal-level factors,
encompassing primarily human-generated and curated information, including the
principal project description, images, and project progress updates. Structural
elements consist of objective, fact-based information reflecting fundamental
characteristics like project category, contributor numbers, and targets. Given that
some platforms directly present creator information, this data is incorporated within
the structural element analysis.

This chapter adopts an integrative, theory-driven literature review methodology
to synthesize existing knowledge on crowdfunding project features and outcomes.
We systematically identified relevant studies through targeted keyword searches
(e.g., “crowdfunding success”) across major academic databases and cross-
referenced citations of key papers. The selection focused on peer-reviewed articles
and conference proceedings that empirically examine how project content elements
and project structural elements influence crowdfunding effectiveness. We then
employed a concept-centric approach to organize the literature by major themes,
grouping findings into content-related versus structural-related factors. Throughout
the review process, multiple theoretical frameworks were used as integrative lenses
to interpret and connect findings. The theoretical framework diagram is shown in
Figure 1.

2. Project content elements
2.1 Impact of linguistic information
2.1.1 Project descriptions

For crowdfunding projects, the project description serves a function analogous to
advertising copy, typically encompassing project introductions, detailed disclosures,
implementation plans, and appeals to potential contributors.

2.1.1.1 Emotional signals in project descriptions

Project creators strategically employ emotionally charged vocabulary in project
descriptions as a persuasion mechanism. However, research findings regarding the
effectiveness of emotional appeals present conflicting results. Several studies
indicate that purely emotional expressions in project descriptions yield no significant
impact on crowdfunding outcomes [18, 19]. This finding suggests that contributors
in reward-based crowdfunding make funding decisions through rational deliberation
driven by return expectations [20], indicating that their investment choices are not
readily influenced by the emotional tone of project descriptions. Consistent with this
perspective, Ren et al. [18] observed no significant correlation between emotional
arousal in project descriptions and crowdfunding performance when examining such
vocabulary as external heuristic cues influencing contributions. Conversely, utilizing
identical Kickstarter platform data, Chen et al. [21] demonstrated that positive
emotional bias in crowdfunding project texts constitutes the most influential factor
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affecting campaign outcomes. According to their findings, emotionally rich textual
expressions can bridge the emotional disconnect between crowdfunding
contributors and project creators, thereby stimulating contributors’ willingness to
invest or increase their funding commitments. Anglin et al. [22] conceptualize
positive psychological capital as comprising four dimensions: hope, optimism,
resilience, and confidence. Incorporating signals reflecting these dimensions in
reward-based crowdfunding content communicates the creator’s conviction
regarding project viability and outcome expectations, thereby more effectively
motivating and persuading stakeholders to recognize the project’s value proposition.
These seemingly contradictory findings can be reconciled by examining the
functional role of emotional information embedded in project descriptions. When
creators’ emotional descriptions serve not merely to express personal sentiments but
function as strategic signals conveying positive psychological capital to attract and
stimulate favorable stakeholder evaluations, such emotional signals may exert
substantial influence on project outcomes.

2.1.1.2 Objectivity in project descriptions

Objective and subjective descriptions constitute two distinct narrative
approaches in crowdfunding communications. Objective descriptions align more
closely with factual reality [23], emphasizing factual statements, numerical data,
statistical evidence, and other verifiable information [24, 25]. In contrast, subjective
descriptions resemble evaluative judgments, incorporating emotions, perceptions,
personal experiences, assessments, and interpretations, often characterized by
greater creativity [26, 27]. As a signal observability mechanism, subjective
descriptions enable potential contributors to assess and differentiate project quality;
however, they impose higher cognitive processing demands, requiring recipients to
expend greater mental effort to interpret the information [25, 28]. Conversely,
objective narratives can reduce uncertainty and thereby enhance the likelihood of
contributor funding decisions [19, 29]. Hamelin [30] demonstrated that emotional
narratives facilitate more rapid attitudinal changes, whereas cognitive statements
promote deeper comprehension and enhanced memory retention. Existing research
indicates that subjective linguistic styles provide greater advantages than objective
approaches in project titles, project descriptions, and creator introductions.
Objective language proves more effective for project summaries and reward
statements. However, optimal project descriptions should integrate both subjective
and objective linguistic strategies, presenting factual information initially, followed
by subjective elements to maximize persuasive impact.

2.1.1.3 Trigger cues in project descriptions

Project descriptions incorporating specific contextual cues may generate
targeted psychological responses, thereby enhancing the probability of
crowdfunding success. For instance, Goff et al. [31] investigated the influence of
monetization information in project descriptions on prosocial behavior and
charitable contributions, finding that control groups without monetary incentives
demonstrated greater willingness to contribute to environmental charity-based
crowdfunding campaigns. Conversely, information regarding ecosystem service
valuation - specifically, the assignment of monetary worth to non-monetary
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resources — negatively affected pro-environmental behavior. This phenomenon
likely results from monetary information triggering cognitive priming effects that
activate recipients’ self-interested motivations and promote rational consumption
patterns rather than civic engagement, consequently diminishing the perceived
intrinsic value of prosocial activities [32, 33]. Within charity-based campaigns, the
potential consequences of non-contribution constitute loss-framed cues, whereas
the positive outcomes of donating represent gain-framed cues. Research
demonstrates that loss-framed cues produce superior donation outcomes compared
to equivalent gain-framed appeals. Studies indicate that narrative frameworks
employing loss-framed messaging achieve enhanced fundraising performance
relative to those utilizing exclusively gain-framed appeals or purely factual
presentations [34].

2.1.1.4 Narrative perspective in project descriptions

The narrative style employed in project descriptions significantly influences
campaign persuasiveness [35]. Research examining reward-based crowdfunding
demonstrates that first-person narratives enhance textual affinity and reduce
psychological distance between creators and readers, while second-person narratives
increase reader engagement and interactivity [21]. Positive emotional experiences
among project supporters during crowdfunding campaigns can cultivate altruistic
tendencies and generate empathetic responses [36, 37]. Robiady et al. [37]
investigated the influence of narrative voice in story-driven project descriptions,
revealing that when incorporating quoted material within storytelling frameworks,
direct quotations employing a first-person perspective evoked more intense
emotional responses and produced superior crowdfunding outcomes compared to
indirect quotations utilizing third-person narration.

2.1.1.5 Project description word count

The elaboration likelihood model (ELM) represents a widely utilized theoretical
framework in consumer psychology, advertising, and marketing communications
research, providing valuable insights into individual attitude formation and change
[38]. This model conceptualizes information processing through two distinct
pathways: the central route and the peripheral route. The central route is
characterized by rational cognition and systematic logical evaluation, whereas the
peripheral route facilitates information processing when recipients possess limited
interest or cognitive capacity. Bi et al. [39] theorize that project description length
functions as a quality signal, operating as a central route indicator within the ELM
framework. They subsequently evaluated its influence on crowdfunding investment
decisions. Within reasonable parameters, increasing description length enables
audiences to access more comprehensive project information, thereby reducing
information asymmetries and enhancing stakeholder trust. However, Moy, Chan,
and Torgler [40] observed that excessive information provision negatively affects
fundraising processes and engagement intentions, with project descriptions
exceeding optimal word limits typically experiencing diminished success rates.
Empirical research utilizing GoFundMe platform data demonstrates that projects
featuring descriptions of 600-900 words achieve the highest success
probabilities [41].
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2.1.2 Project reviews

Project reviews encompass both verbal commentary in interpersonal
interactions and online customer reviews (OCR). The latter primarily refers to
consumer-generated evaluations of products or services based on direct usage
experience. These reviews are typically disseminated online through textual
content and numerical ratings, frequently incorporating descriptions of product
characteristics (quality or attribute features), user experiences, consumer
sentiments, and recommendation guidance [42, 43]. As a critical component of
electronic word-of-mouth communication, these reviews often influence
audience behavior and significantly impact purchasing decisions among potential
users.

2.1.2.1 Comment volume

The volume of comments on crowdfunding projects reflects the degree of public
attention they receive and serves as an indicator of supplementary information
availability for potential contributors [44]. According to attention economy
principles, substantial comment activity can enhance project visibility and
differentiation [44]. Comments function as social signals, indicating others’
interest in and engagement with a project. Increased comment volume not only
provides potential contributors with more comprehensive project information but
also enables them to assess project viability based on collective opinions and
attitudes [8]. When evaluating projects, individuals are subject to direct and
indirect social influence from other group members, reflecting conformity
behavior patterns. Research demonstrates that conformity effects can amplify
prosocial behaviors, including charitable donations [45, 46]. Consequently,
elevated comment activity can stimulate participation in charity-based
crowdfunding campaigns. Bao and Huang [47] argue that the number of project
comments, update frequency, and visual presentation constitute critical
components of impression management strategies. These elements can influence
crowdfunding contributors through peripheral processing mechanisms, enhancing
their perceptions of project credibility and consequently improving campaign
outcomes [39].

2.1.2.2 Comment sentiment

Potential contributors not only consider the volume of comments but also
examine existing commentary to assess collective attitudes and opinions. The
sentiment embedded within project comments serves as a signal indicating the
attitudes of other potential supporters. Under social conformity influences, positive
sentiment conveyed through comments can diminish potential contributors’ risk
perceptions, thereby enhancing their willingness to participate in crowdfunding
campaigns or make charitable donations. Conversely, negative sentiment amplifies
uncertainty and perceived risk [8]. Wang et al. [48] demonstrated that projects
characterized by predominantly negative commentary - indicating widespread
dissatisfaction among existing supporters — partially counteract the beneficial effects
of comment volume on crowdfunding success.
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2.1.3 Progress updates

Updates serve to maintain continuous communication with contributors
regarding project advancement, enabling project creators to provide real-time
information about ongoing developments. Timely status updates not only
demonstrate creators’ proactive engagement [47] but also signal smooth project
progression, thereby reducing contributors’ perceived risk of project failure [49]. Liu
et al. [44] contend that project updates function as indicators of project reliability
and credibility. Frequent updates enable stakeholders to monitor crowdfunding
progress in real time, enhance project transparency, and ultimately cultivate greater
stakeholder trust.

Project updates typically manifest as textual communications encompassing
various dimensions, including appeal sharing, progress reports, new concept
announcements or disclosures, deadline reminders, interactive Q&A sessions,
reward introductions, and contributor acknowledgments. These updates are
generally accessible through web crawling technologies and are commonly employed
as control variables in contemporary crowdfunding research [19, 25, 50, 51]. Xu et al.
[52] demonstrated that progress updates exert greater influence on project success
than initial project descriptions, exhibiting stronger correlations with success rates.
Updates pertaining to deadline reminders and new reward offerings produced the
most substantial impact on crowdfunding outcomes.

2.2 Impact of non-linguistic information: Project images

The influence of non-linguistic information in crowdfunding projects
primarily centers on the role of visual imagery in campaign performance. Project
images function as non-textual descriptive elements and visual representations
within crowdfunding campaign pages, serving as distinct communicative tools
separate from textual content. Crowdfunding platforms typically accompany
each heading section with relevant project images to further illustrate project
details, enhance page content richness, and effectively capture visitors' attention.
Scholarly research investigating this phenomenon [4, 19, 44, 47, 51] has
demonstrated that certain characteristics of project images — including their
emotional signals and volume - significantly influence campaign outcomes and
success rates.

2.2.1 Emotional signals in project images

The emotions evoked or conveyed through project imagery significantly
influence potential contributors’ donation decisions and behavioral responses. When
potential supporters perceive sadness in visual content, it more readily triggers
empathetic responses compared to joyful emotions, thereby increasing the
probability of donation decisions and charitable behaviors [53]. From a theoretical
perspective, negative framing in charity-based crowdfunding campaigns is more
likely to evoke individual anxiety, capturing the attention and emotional resonance
of potential donors [54]. Indeed, Lee and Park [4] validated this hypothesis through
deep learning and econometric analysis of projects from a Korean public welfare
crowdfunding platform, demonstrating that positive emotions evoked by project
images can suppress potential donors’ empathetic responses. However, potential
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contributors may experience emotional fatigue from repeated exposure to negative
images across multiple projects. Consequently, in certain circumstances, project
images that convey or evoke negative emotions may fail to enhance donation
intentions or promote charitable behavior. The emotional content expressed in
project imagery affects different crowdfunding categories differentially. In contrast
to charity-based campaigns, positive emotions displayed in reward-based
crowdfunding project images are more effective than negative emotions in triggering
investment decisions or behaviors [51]. Furthermore, facial emotions depicted in
project imagery exhibit an inverted U-shaped relationship with investment decisions
[51]. Moderate emotional expression can encourage contributor investment;
however, the influence of facial emotional contagion does not increase indefinitely.
This limitation occurs because highly intense emotional displays are perceived as
irrational [55], generating skepticism regarding project authenticity and credibility.
Consequently, when emotional intensity reaches its peak, it can produce
counterproductive effects on investment decisions. While both happy and sad facial
expressions promote investment decisions in reward-based crowdfunding, sad
expressions demonstrate smaller impacts on total investment amounts and reach
their inflection point earlier than happy expressions [51].

2.2.2 Number of images

Compared to textual content, imagery and video content provide greater visual
impact and persuasive efficacy, enabling audiences to intuitively comprehend
a project’s scope and influence. Previous research demonstrates that appropriately
integrated text-image combinations enhance audiences' cognitive and emotional
processing capabilities, increasing preference for products or services and
strengthening purchase intentions [56]. Furthermore, dynamic media formats (such
as video or animated images) elicit significantly more robust interactive responses
than static media formats (such as text alone) [19, 57]. The influence of project image
quantity manifests through two primary mechanisms: first, images supplement and
corroborate textual content, thereby enhancing perceived project credibility and
reliability [44]; second, they serve aesthetic and attention-capturing functions,
attracting and sustaining audience engagement [19, 47]. Concerning optimal image
quantity, existing research indicates that within certain parameters, increased image
volume produces more pronounced positive effects. However, empirical studies
have not yet established the precise threshold or optimal range that maximizes
campaign effectiveness.

3. Project structural elements
3.1 Project creator characteristics

Crowdfunding platforms, such as Kickstarter, incorporate dedicated sections
for creator information, displaying relevant biographical details and
communication channels. These creator characteristics constitute a fundamental
project structural element, prominently featured on campaign webpages. Given
that reward-based crowdfunding involves anticipated returns, and many platforms
implement an “all-or-nothing” funding model, project contributors place
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substantial emphasis on campaign success probability. Consequently, creator
characteristics are likely to emerge as significant determinants in project
investment decision-making processes.

3.1.1 Project initiation experience of the creator

Project initiation experience serves as a significant indicator of creators’ capacity
to successfully implement campaigns [58]. Experienced creators who have launched
multiple projects can leverage insights from both successful and unsuccessful
ventures to enhance their entrepreneurial capabilities, better understand investor
requirements, and reduce information asymmetries or knowledge gaps during
project implementation [8, 59]. Compared to novice creators, experienced
practitioners possess a deeper comprehension of the prerequisites for successful
fundraising and reward fulfillment [22]. This expertise enables them to develop
comprehensively detailed strategic plans and optimize tactical approaches during the
initial phases of new campaigns [8], thereby facilitating more efficient project
execution. Borrero-Dominguez et al. [9] empirically demonstrated that project
initiation experience significantly increases the probability of achieving minimum
funding targets and enhances perceived project credibility. Furthermore, creators
with greater crowdfunding experience demonstrate enhanced risk mitigation
capabilities, resulting in higher campaign success rates.

3.1.2 Creator’s gender

Due to the influence of gender stereotypes and gendered perceptions of
competence, creator gender significantly affects crowdfunding campaign outcomes.
During project evaluation processes, individuals may perceive female creators as
possessing lower risk management capabilities, consequently placing greater trust in
male-initiated projects and demonstrating a stronger propensity to support such
ventures. This differential treatment contributes to higher success rates for male-
initiated campaigns [10]. For female creators, project contributors exhibit
heightened emphasis on physical appearance characteristics. Duan et al. [7]
employed machine learning-based facial detection technology to measure four
indicators of facial trustworthiness: inner brow ridge angle, chin width, facial
roundness, and lip-nose distance. Their findings revealed that project funders
assigned significantly greater importance to facial credibility metrics for female
creators compared to their male counterparts.

3.1.3 Support experience of project creators

Project creators develop social networks through mutual support across different
campaigns [8]. In reward-based crowdfunding contexts, the number of projects
supported by a creator serves as an indicator of their accumulated social capital [22,
47], representing resources acquired through social connections established during
previous project implementations. Zheng et al. [60] identified a reciprocity
mechanism operating among project creators within and across platforms: when
creators receive funding support from other project creators on a particular
platform, they experience a sense of obligation or responsibility to assist creators
who had previously supported their campaigns. However, comparative analysis

186



The Impact of Project Characteristics on Online Crowdfunding Effectiveness...
DOI: http://dx.doi.org/10.5772/intechopen.1013687

reveals that creator initiation experience exerts significantly greater influence on
crowdfunding project success than creator support experience.

3.2 Project categories

Charity-based crowdfunding projects are typically classified into several primary
thematic categories: poverty alleviation and disaster relief, medical treatment,
educational assistance, and environmental protection. While these categories share
common charitable objectives, they demonstrate distinct performance
characteristics [8]. Empirical evidence from Tencent GongYi, China’s largest
charity-based crowdfunding platform, illustrates these categorical variations:
medical treatment projects represent the most prevalent category yet exhibit the
lowest success rate (21.7%); conversely, environmental protection projects
constitute the smallest category but achieve the highest average donation amount
(¥60,391) and maintain a relatively elevated success rate (50%) [61]. Despite these
notable performance disparities across charitable crowdfunding categories, existing
literature demonstrates a significant research gap regarding the underlying factors
that drive these differential outcomes.

Compared to charity-based crowdfunding, reward-based crowdfunding
encompasses significantly more diverse project categories, each addressing distinct
consumer requirements and preferences. Within reward-based crowdfunding
contexts, project categories frequently function as moderating variables that
indirectly influence contributor investment decisions. For example, Bi et al. [39]
demonstrated that investors evaluating agricultural technology crowdfunding
projects prioritize project quality signals over reputation information, whereas
reputation assumes greater importance when assessing entertainment and arts
crowdfunding campaigns. Reward-based crowdfunding projects can be classified
into hedonic and utilitarian categories based on the fundamental nature of the
crowdfunded product or service. Hedonic projects primarily address emotional and
experiential needs, while utilitarian projects provide functional convenience and
practical benefits. Ren et al. [18] found that emotional arousal embedded in project
descriptions exerts significantly greater impact on crowdfunding success for hedonic
projects compared to utilitarian ventures. Reward-based crowdfunding can also be
categorized into tangible product and intangible service crowdfunding [19, 47].
Furthermore, scholars have developed alternative taxonomies distinguishing
between tangible product and intangible service crowdfunding [19, 47]. For
instance, Bao and Huang [47] categorized cultural and creative projects within
reward-based crowdfunding into tangible publications and intangible audiovisual
productions. They argued that due to spatial limitations in publication formats,
reward feedback mechanisms appear more valuable to contributors, resulting in
heightened investment willingness for tangible publication projects and
consequently superior success rates. These findings collectively demonstrate that
project categories constitute significant determinants of crowdfunding performance
outcomes.

3.3 Target amount

When initiating crowdfunding campaigns, creators establish a target amount to
facilitate potential contributors’ understanding of required funding levels and enable
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real-time progress monitoring. While this target amount is subjectively determined
by creators and could be considered a content element, its primary function is to
reflect the costs necessary for project completion, thereby serving as an objective
indicator of implementation complexity. Consequently, this analysis provisionally
categorizes target amounts as structural elements.

Target amounts exert substantial influence on campaign outcomes, with project
success significantly dependent on the rationality of goal-setting strategies. Research
presents competing perspectives on optimal target levels. Some scholars argue that
lower target amounts enhance contributor engagement by appearing more attainable
[44, 62]. Conversely, others contend that higher targets present greater challenges
that can evoke stronger empathetic responses, particularly in medical crowdfunding
contexts, thereby increasing willingness to contribute to ambitious campaigns [63].
According to goal-setting theory, motivation derives from challenging objectives,
with performance enhancement correlating positively with goal difficulty. However,
empirical evidence reveals complex relationships between target amounts and
crowdfunding outcomes across different project categories. For disease or health-
related crowdfunding campaigns, the beneficial impact of project visibility —
particularly social engagement metrics such as shares and comments — diminishes
progressively as target funding amounts increase [44]. Conversely, environmental
projects demonstrate a nonlinear relationship between target amounts and donation
outcomes, wherein low-to-medium targets exert minimal influence on project
success, while high-target configurations potentially generate more substantial
positive effects [63].

Given that strategic goal-setting can stimulate motivation and provide strong
incentive effects, project creators may benefit from strategically employing the
anchoring heuristic [64]. By establishing high-value goals as cognitive reference
points or psychological anchors, creators can potentially maximize contributors’
willingness to participate and their motivational engagement, thereby enhancing the
overall performance of crowdfunding campaigns.

4, Persuasion mechanisms of content and structural elements
4.1 Signaling theory

Signaling theory was initially formulated by Spence [65] to elucidate how job
applicants reduce information asymmetries with prospective employers through
observable characteristics and behaviors. Subsequent scholarly investigations have
extensively examined how effective signaling mechanisms can mitigate such
informational disparities across various contexts. The theoretical framework posits
that signal effectiveness is determined by two fundamental factors: signal cost and
signal observability.

In crowdfunding campaigns, signal costs manifest in the prevention of
competitors from forging or imitating comparable signals. High-cost signals establish
effective separation mechanisms between high-quality and low-quality projects
[66], constituting what is termed “hard information.” These signals primarily
encompass project structural elements — including creator characteristics, project
categories, target amounts, and beneficiary counts — which function as critical
indicators of project quality and authenticity. Displayed factually on campaign
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webpages, this “hard information” cannot be manipulated by creators and proves
difficult for competitors to replicate, thereby qualifying as legitimate high-cost
signals that effectively communicate project credibility.

Low-cost signals possess diminished value compared to high-cost signals due to
their susceptibility to imitation and replication. Project content elements encompass
signals such as project titles, descriptions, and visual images — all creator-defined
components. These signals constitute “soft information” that reflects creators’
strategic positioning and promotional attitudes during campaign development [8].
Project creators can transmit these signals through strategic design choices when
launching campaigns, including suggesting positive psychological capital through
text [22], incorporating objectification cues within abstracts and reward statements
[25], evoking emotional responses through narrative perspective manipulation [37],
or utilizing imagery of distressed beneficiaries to elicit empathetic responses [4].
Despite their classification as low-cost signals within crowdfunding contexts, these
content elements retain significant capacity to stimulate financial contributions from
project backers.

Signal observability facilitates project quality differentiation and enables investors
to accurately assess campaign characteristics. Wang et al. [25] investigated signal
observability mechanisms, demonstrating that accurate signal perception enables
receivers to comprehend signal content effectively. Regarding content elements,
subjective descriptions impose higher cognitive processing demands, requiring greater
interpretive effort from signal receivers. Information presentation that deviates from
objectivity represents a double-edged phenomenon: while it may reflect project
creativity and innovation, fictionalized or embellished descriptions can
simultaneously diminish signal observability and clarity. Within information-
asymmetric environments characterized by high noise levels, both signal categories
can experience moderation effects [22]. Consequently, both content characteristics
(low-cost signals) and structural characteristics (high-cost signals) exert significant
influence on crowdfunding campaign performance outcomes.

4.2 The elaboration likelihood model

The elaboration likelihood model constitutes a comprehensive theoretical
framework for explaining attitude formation and change, frequently employed in
consumer psychology and behavioral research. This model conceptualizes two
distinct pathways for information processing: the central route and the peripheral
route. In advertising contexts, emotional cues and heuristic shortcuts are employed
to facilitate purchase intentions. In essence, the central route involves systematic,
rational cognition and logical evaluation, whereas the peripheral route facilitates
information processing when recipients possess limited interest or cognitive
resources.

Structural elements in crowdfunding contexts can effectively characterize project
quality and credibility. However, the structural and content elements of
crowdfunding campaigns do not exhibit a straightforward correspondence with the
central and peripheral routes within ELM theory. Certain content elements may
theoretically align more closely with peripheral route processing, including vivid
images or visually striking presentations designed to capture audience attention, as
well as emotional appeal strategies and affective cues embedded within project
descriptions. Conversely, substantive content elements — such as comprehensive
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supporting images that provide detailed project information or extensive project
descriptions that offer thorough explanations — could be categorized as facilitating
central route processing. The majority of structural elements, given their factual
nature and role as quality indicators, predominantly correspond to central route
processing mechanisms.

The influence mechanisms underlying crowdfunding processes can be effectively
explained through the ELM framework. Crowdfunding campaign pages function as
persuasive communications strategically designed to attract potential contributors
and stimulate financial support. Since investors must process and evaluate project
information before making funding decisions, project creators deploy
comprehensive strategies to capture and maintain audience attention [38]. Given the
relatively low complexity and financial risk associated with charity-based
crowdfunding — which fundamentally differs from traditional consumer purchasing
behavior — the ELM demonstrates greater theoretical relevance and empirical utility
specifically within reward-based crowdfunding research contexts [38].

4.3 Aristotelian persuasion theory

Aristotle delineated three fundamental persuasion modes in Rhetoric: ethos, logos,
and pathos. Ethos involves demonstrating knowledge, moral character, competence,
and integrity to establish psychological identification and audience trust. Logos
requires persuasive discourse to withstand logical scrutiny for credibility. Pathos
necessitates evoking audience emotions through affective elements. This classical
framework profoundly influenced Western persuasion theory, establishing
foundational principles for contemporary research.

In crowdfunding, creators assume persuader roles, while contributors serve as
target audiences. Structural information is presented as verifiable data on platform
webpages. Creator experience reflects accumulated social and human capital [22],
while substantial supporter bases can attract additional participants through herding
effects [63]. These elements indirectly demonstrate professionalism and reliability
through reputation mechanisms, establishing psychological identification and trust
among contributors, exemplifying ethos-based persuasion. Content elements
encompass both linguistic and non-linguistic information that facilitate logos and
pathos persuasion. When structuring text, creators employ logical expressions
(connective devices) or present verifiable objective information, including facts,
statistical data, and empirical evidence [19, 24]. These approaches reduce cognitive
processing demands, enabling efficient comprehension of project details through
logos-based persuasion mechanisms. Both verbal and non-verbal elements can
facilitate pathos-based persuasion strategies. Through strategic emotional cues,
creators leverage emotional contagion effects to encourage potential contributors to
mirror, respond to, and internalize these emotional states [51], cultivating
empathetic responses toward campaign emotional appeals.

4.4 Theoretical contributions of the integrated framework
The integrated framework makes two key theoretical contributions to the
crowdfunding literature. First, it reconciles seemingly contradictory findings in

existing research. Previous studies using single theories have produced inconsistent
results regarding the effects of project characteristics. For example, emotional
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descriptions enhanced performance in some studies [21] but showed negligible or
negative effects in others [18, 19]. Our framework reveals that the effectiveness of
emotional appeals depends on the project category (charity vs. reward-based),
emotional valence, and backers’ processing mode (central vs. peripheral route), thus
clarifying the boundary conditions.

Second, the framework provides a dynamic, context-sensitive explanatory
model. Rather than seeking universal determinants, it demonstrates that the effects
of project characteristics are embedded within a complex causal network, shaped by
multiple theoretical mechanisms whose relative weights vary across contexts. This
dynamic perspective better captures the complex reality of crowdfunding and offers
a more nuanced analytical framework.

5. Research prospects

5.1 Deepening the impact of linguistic and non-linguistic information
integration on crowdfunding outcomes

Dual-coding theory posits that linguistic and non-linguistic information operate
through distinct cognitive systems: verbal systems process linguistic and abstract
content, while imagery systems handle perceptual and concrete matters, functioning
as independent yet interconnected mechanisms [67]. Project descriptions and visual
imagery in crowdfunding represent different symbolic modalities, triggering distinct
cognitive processes when contributors evaluate campaigns. However, limited
research has systematically examined descriptions and visuals jointly to investigate
their combined impact on funding decisions and interactive mechanisms. Literature
suggests high visual-textual congruence enhances cognitive and emotional
processing, strengthening consumer preferences and purchase intentions [56].
Additionally, textual-visual relevance exerts pronounced influences on cognitive
processing among field-dependent audiences [68]. Future research should
systematically investigate text-image integration strategies in crowdfunding
communications, focusing on optimal matching mechanisms, contextual moderation
effects, and differential impacts across contributor segments.

5.2 Exploring the influence of different investor categories on various types of
crowdfunding projects

Previous research predominantly examined outcomes from crowdfunding
information disclosure formats. However, factors influencing strategic disclosure
decisions have received limited attention. Consequently, investigating disclosure
format antecedents represents valuable future research. Investor characteristics may
function as critical antecedent variables affecting campaign disclosure strategies. To
optimize engagement and stimulate investment intentions, strategic element
combinations on project pages require systematic examination. Communicative
element effectiveness varies according to audience cultural familiarity. Research
indicates text-dominant descriptions demonstrate superior effectiveness for
culturally unfamiliar audiences, while image-dominant presentations prove more
effective for culturally familiar audiences [69]. Investigating which projects attract
specific investor segments or personality profiles constitutes another valuable
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research domain. Self-determination theory [70] encompasses intrinsic and extrinsic
motivational dimensions. Alternatively, motivation can be categorized as self-
directed or other-directed orientations [71]. This motivational framework generates
four distinct crowdfunding contributor typologies: angelic backers, reward hunters,
avid fans, and tasteful hermits [17]. For creators, effective dissemination requires
anticipating audience characteristics and developing tailored strategies aligning with
diverse investor profiles to enhance success rates. Future research should
systematically investigate audience-strategy alignment mechanisms, examining how
different typologies respond to varied information formats and persuasion
approaches across crowdfunding categories.
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Chapter 9

Crowdsourcing Career — Current
Research on Career in a
Boundaryless Field

Dennis Heinrich

Abstract

Digitalization and technological progress have enabled new forms of work and
organizational concepts, such as crowdsourcing, clickworking, and the gig economy.
New forms of work are also emerging in career management and research, particularly
in discussions about concepts such as the “boundaryless career” and the “protean
career.” Central aspects of the boundaryless career, such as self-control of career paths
and network formation beyond traditional organizations, are reflected in the forms of
platform work. However, platform work is often considered to be precarious or to
involve the segmentation of work. So, from the perspective of career management or
career research, particularly the boundaryless career concept, how can crowdsourcing
be viewed? What is the current state of research in this area? What added value
does it offer companies (clients and platform providers) and contractors? These
questions will be answered by conducting a narrative literature review. Companies
benefit from global access to skilled workers, innovation potential, and flexible work
design by using crowdsourcing. Platform providers can promote the qualification and
retention of crowdworkers through systematic training and networking opportunities.
New development opportunities and a better work-life balance are opening up for
employees, but risks exist due to algorithmic control, lack of social security, and high
levels of self-marketization pressure. Therefore, the research concludes that new HR
and management concepts must be introduced to ensure the sustainable use of the
opportunities offered by platform work and guarantee fair career prospects. Overall,
the combination of platform work and boundaryless careers creates potential for career
management but also presents challenges. This contribution’s added value lies in
defining digital work as a transformative context for career research.

Keywords: career research, career management, boundaryless career, platform
economy, platform work, crowdworking, crowdsourcing, career path, career
boundaries, clickworking, autonomy, self-selection

1. Introduction

Digitalization and technological progress have led to the emergence of new forms
of work, such as crowdsourcing, clickworking, and the gig economy [1, 2]. These
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forms of new work organization are now used in a very varied way [1, 2]. In essence,
the focus is on the delegation of work steps or work packages via digital platforms,
which are either location-independent, that is, online, or location-specific, that is,
offline [2]. Examples of the gig economy include driving services and food delivery,
which provide short-term services based on location. Crowdworking and
clickworking refer to the distribution of tasks such as data annotation, translations,
and creative micro-orders online on platforms. These tasks are carried out by a large,
mostly global crowd, independent of location [2].

From the perspective of career management and research, these roles offer
opportunities for flexibility and autonomy, along with potential challenges such as
precariousness, limited development prospects, and uncertainty [3, 4]. This chapter
provides a balanced and well-informed analysis of the opportunities and risks
associated with this approach.

Platform work is frequently linked to concepts such as “boundaryless career” and
“protean career” because it offers high flexibility, autonomy, and the opportunity for
self-directed career development [5-8].

The three core questions to answer in this contribution are as follows:

So, how can crowdsourcing be viewed from a career management or career
research perspective, particularly from the boundaryless career concept?

What is the current state of research in this area?

What added value does it already offer for companies (clients and platform
providers) and contractors?

The majority of literature focuses on the technological implementation details
and their potential applications. From the perspectives of human resources and
career research, comparatively little attention is paid to platform work [6, 9]. The
objective of this paper is twofold: firstly, to provide an overview of the current state
of research in this field by conducting a narrative literature review; and secondly, to
identify practical uses and areas for further research.

2. Method and research design
2.1 Narrative literature reviews

Narrative literature reviews serve to address broader and more abstract
questions than individual empirical studies [10]. The various objectives of such
reviews range from theory development and evaluation, descriptive overviews of
the state of research, problem identification, to historical accounts of theory
development.

The aim of this chapter is to provide an overview of the extent to which platform
work, in particular crowdworking, appears in the discourse on boundaryless careers
and can be linked to this concept in order to obtain guidance on how to deal with this
context-related career.

The narrative review process begins with a structured literature search for
keywords. The key concepts are converted into precise keywords [10-12]. The terms
platform economy, crowdworking, crowdsourcing, clickworking, and boundaryless career,
especially their combinations, are used here. The ABI/INFORM Collection and
ECONBIZ databases, along with the Google Scholar search engine, were searched for
this purpose.

200



Crowdsourcing Career — Current Research on Career in a Boundaryless Field
DOI: http://dx.doi.ovg/10.5772/intechopen.1014211

2.2 Inclusion criteria and selection process

In order to obtain as broad a view as possible of the topic of crowdworking in the
context of boundaryless careers, no specific inclusion or exclusion criteria have
been defined. The only important factor for this chapter is that the articles have
been published in peer-reviewed journals. Both empirical studies and theoretical-
conceptual articles and discussions in English and German are included.
Publications from 2005 onwards are considered for the platform concepts.
Publications from 2010 onwards are reviewed for the combination of boundaryless
careers and crowdworking. Most publications on the boundaryless career concept
date from the 1990s onwards. Literature that provides references to career-related
arguments is added manually. This may also include some practice-oriented
literature.

3. Different forms of platform work

Since around the middle of 2000, new forms of platform work have been
established, such as crowdworking or the gig economy [2]. However, the field of
types of platform work has become even more diverse. Therefore, the most
important types are briefly defined below.

3.1 Gig economy

The gig economy is the provision of (partly app-based) short-term, location-
based offline work [1, 13]. These forms of work are often found in cleaning, mobility,
or delivery. The platforms act as intermediaries, setting quality standards and
controlling selection and performance evaluation. Also characteristic of this area is
the "just-in-time” provision of workers, who are only paid for the period in which
they actually work. Flexibility for companies and contractors is high, but there is
a high risk of precarious modification of work.

3.2 External crowdworking/crowdsourcing

Crowdworking or crowdsourcing includes work activities that are carried out via
online platforms, regardless of location. An unlimited number of organizations and
individuals are networked via the platforms, thus enabling worldwide order
completion [1, 9, 13]. Some of these activities are fragmented micro-activities
(microtasks), which are often monotonous or repetitive but require human
judgment (e.g., photo tagging, surveys, smaller creative tasks). Crowdworking can
also include larger, more complex services, such as designing logos or developing
websites, designs, or strategies. Payment is often project- or task-related. The term
was significantly coined by the journalist Howe [14, 15].

3.3 Clickworking
Clickworking is understood as a special form of crowdworking in which simple,

repetitive activities (click work) are carried out via platforms that do not require any
special knowledge or extensive skills [16]. The tasks are small-scale, sometimes
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repetitive, and often monotonous. Examples include writing articles or categorizing
content. The volume of work is captured and handled through digital clicks, often
with minimal face-to-face interaction. In some cases, tasks can also be completed
based on location [2].

3.4 Internal (enterprise) crowdsourcing

As described above, external crowdworking occurs through public platforms
where the crowd consists of external, mostly anonymous (and worldwide) workers.
Internal crowdworking, on the other hand, refers to the use of crowdworking
methods within a company, that is, the distribution of tasks to a company’s own
crowd or to internal employees who network virtually [9, 17]. Internal
crowdworking allows employers or clients to have greater control over the work
done and is characterized by less anonymity due to the organizational involvement
of the workforce [17]. Internal crowdworking uses the existing knowledge, skills,
and resources of a company’s internal workforce in a targeted and flexible manner,
which is particularly advantageous when there is a shortage of skilled workers [9, 18,
19]. It also enables more efficient and cost-effective use of organizational human
resources through the self-determined selection of tasks (self-selection mechanism)
and standardization of tasks [20]. However, there are also risks of being
overwhelmed by work structures that are too flexible, social isolation, and
competitive pressure among employees, which can put a strain on cooperation and
the working atmosphere [21].

In summary, crowdworking is primarily online-based, often small-scale work
carried out by many distributed contractors, while the gig economy provides short-
term, often location-based services via apps. Clickworking is a particularly
repetitive, click-based, small-scale form of crowdworking. Internal crowdwork
processes differ from external crowdworking in that the workforce belongs to the
company and is subject to stronger control mechanisms. With the exception of
internal crowdworking, you are not employed in any form and are not involved in
the client’s organization [17].

4. Career research — boundaryless career

The concept of a boundaryless career describes careers that are no longer tied to
traditional, company-internal careers but are characterized by high mobility, self-
control, and flexibility [22].

The boundaryless career emphasizes psychological and physical mobility across
organizational boundaries, as well as the aspects of personal responsibility and
network orientation [23-25].

The boundaryless career differs from the traditional, hierarchically structured
corporate career and is often viewed in connection with the concept of "protean
career,” which emphasizes self-control and orientation toward individual values.
However, empirical studies indicate that the distinction between protean and
boundaryless careers is less clear than initially assumed; rather, both concepts can be
traced back to a common overarching aspect of proactive career orientation [26].

In the following, typical identified properties of a boundaryless career will be
highlighted in order to further connect them with the logic of crowdworking.
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Essentially, the term "boundaryless career" describes a paradigm shift, that is, the
path from the traditional, hierarchical, company-related career to dynamic, open
careers that are no longer fundamentally linked to long-term corporate loyalty.
Employees often see their membership in the company as temporary [26, 27].

Behind this paradigm shift is, on the one hand, the positive attitude of employees
toward change, learning, and individually responsible development outside of an
organization [28, 29].

On the other hand, this is associated with a certain psychological mobility. This
type of mobility represents the inner willingness and motivation to learn new skills
and take on new challenges [27]. Openness to new experiences and the willingness to
get involved in changing tasks and roles are also relevant here [6, 23].

In addition to psychological mobility, high physical and organizational mobility
play a role in a boundaryless career. The career, therefore, runs across organizational
boundaries, not hierarchically within a company. An independent and flexible career
design is characteristic [30, 31]. Changes, therefore, take place between
organizations, industries, or projects, while remaining in a single company is not
planned according to the boundaryless understanding [23, 28, 29].

As part of the boundaryless career, individuals no longer strive exclusively for
hierarchical advancement in the company but rather for personal development and
self-realization. Careers are, therefore, also characterized by independent career
planning [26, 30]. This also includes so-called self-control. Career planning and
development are independent and separate from organizations or employers [6, 28,
32]. Actively shaping your own career is also accompanied by a high level of
adaptability to change [29].

External networking addresses another important property of a boundaryless
career. The development and use of professional networks outside an organization
and across company boundaries are central because there is a lack of a permanent
circle of colleagues. Your own marketability and self-marketization are maintained
[25, 28, 33]. Due to this fact, success and identity are defined not only by the current
organization but also by external recognition [23].

Overall, a boundaryless career is characterized by mobility, personal responsibility,
network orientation, and a proactive, adaptable attitude toward careers and changes.

5. Career management in the sense of a boundaryless career

As previously explained, the concept of a boundaryless career describes careers
that break away from traditional organizational boundaries, hierarchical structures,
and linear career patterns. Instead, it is characterized by frequent transitions
between companies, industries, and professional fields, the development of diverse
networks, and the ongoing development of skills in the sense of lifelong learning.

How can this understanding of a boundaryless career be implemented in career
management?

Employees with a boundaryless career orientation are increasingly taking control
of their careers themselves, taking initiative in their career planning, and looking
for development opportunities beyond traditional predetermined hierarchies [59, 35,
36]. In view of this, career management should create offers that open up individual
career paths and support job crafting and self-directed learning [59, 35, 36]. In
addition to flexible and more diverse career paths that enable vertical as well as
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horizontal and project-related development [37], options that arise from cooperation
with other companies are also conceivable [38, 39].

Promoting individual career skills is important because it is usually the
individual’s responsibility to plan and develop them further. These include the
development of “knowing-why” (motivation), “knowing-how” (skills), and
“knowing-whom” (networks) skills [38, 40, 41]. As a company, it is advisable to
offer targeted training, network platforms, and mentoring programs to promote
these skills [37, 40]. The advantage for companies is that they can at least partially
promote staff retention. Studies show that personnel development can be a crucial
factor for employee satisfaction and retention [42, 43].

Classic, company-centered career planning is becoming less important. Overall,
career management is being given a new role. Career management itself should
network individual, organizational, and external resources [35, 40], with most of the
responsibility attributed to individuals [6]. Career and talent management should,
therefore, be thought of on several levels: at the level of the individual, the network,
the organization and, if necessary, the sector, career management should be
considered in a holistic way [6, 35].

The focus on boundaryless careers also increases the importance of employability
and external mobility [42-44, 60]. This means that it is no longer just about
succession planning. Career management should, therefore, focus on promoting
adaptability, lifelong learning, and complementary external career options [40, 45].

Particular risks and challenges arise from the tension between the emphasis on
external career options and the staff retention necessary from an organizational
perspective. Emphasis on individual responsibility can lead to insecurity and a lack of
attachment [6, 40, 34]. For this reason, companies should create a balance between
flexibility and organizational identification [6, 46, 47, 59]. Leadership work is
important here. Managers can promote this balance by conveying meaning and
direction (visions, values) to employees through targeted “sensegiving.” This
supports the balance between individual flexibility needs and identification with the
organization [48]. Establishing stable, comprehensible roles and expectations can
additionally reduce uncertainty when changes occur and create security that acts as
a counterweight to flexibility.

As becomes obvious in this section, boundaryless careers and company career
management are in tension. However, opportunities for innovation and
competitiveness can also be identified through contemporary adjustments. Companies
that adapt their career management to the needs of modern, unlimited careers can
better promote and retain employees and increase their attractiveness as employers.

These statements are initially recommendations for career management, derived
from the boundaryless career understanding, without any specific reference to
platform work. The connection to this occurs in the following section.

6. Boundaryless career in crowdsourcing — opportunities and risks

As described above, crowdworking is a new digital form of work organization in
which tasks are delegated to a large, external community (external crowdsourcing).
Since the crowd is not directly integrated into the company hierarchy in external
crowdworking, new dynamics arise in the coordination, management, and control of
work processes. This also opens up new opportunities for employees to organize
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their careers flexibly, for example, through the flexible selection of projects and tasks
according to their own interests, time availability, and respective skills.

In this section, the characteristics of boundaryless careers are combined with the
possibilities and logic of crowdworking based on the current state of research. This
creates opportunities and risks when designing careers that need to be taken into
account. These opportunities and risks are partly relevant for the career designers
themselves but also for clients on the platforms. These connections can also be helpful
for target groups who are considering using crowdworking as a job placement tool in
the future and are asking themselves career-related questions. First of all, we will
focus on the opportunities and added value for boundaryless careers that can be
addressed through crowdworking. Table 1 shows a summary of the characteristics of
the boundaryless career by category and how they are addressed in the context of
crowdworking, as well as the opportunities and risks that may arise in practice.

When it comes to the aspect of self-determination, autonomy, and flexibility in
a boundaryless career, crowdworking people can freely choose tasks, working hours,
and locations. On the one hand, this reflects the boundaryless properties of self-
control and mobility [49-51]. Crowdworking enables a high degree of self-
organization and flexibility [50]. The results of the study by Reimann & Abendroth
[52] suggest that when crowdworkers use flexibility in time and tasks, they
experience less conflict between work and private life, fewer somatic health
symptoms, and greater life satisfaction, although this does not apply to flexible work
locations. However, the relationship between flexible working and well-being is
partly mediated by experiences of conflict between work and private life.

The ability to work for different clients and platforms at the same time can meet
the need for physical and psychological mobility [5, 53]. On crowdworking
platforms, there is a physical distance from the clients and potential colleagues.
However, crowdworkers actively build networks, exchange ideas with others via the
platforms’ means of communication, and use these contacts for new orders and
support. This is another central element of a boundaryless career [49, 53].

The quality of personal responsibility can also be addressed through
crowdworking. Crowdworkers shape their careers independently by selecting tasks,
developing skills, and, if necessary, diversifying their work profiles across several
platforms [49, 53, 54]. In a sense, this creates new job profiles independently, which
is closely related to job crafting. Crowdworkers have to manage their own careers
and develop skills. This may be particularly successful in the case of highly qualified
platform workers, as their specialized skills may enable them to be more mobile and
make profitable use of this flexibility [6].

In the subsequent course, selected risks of a career without boundaries through
crowdworking will be addressed.

Platforms use algorithmic control, which can potentially limit the autonomy and
development opportunities of crowdworkers. This contradicts the ideal
boundaryless career, as algorithmic boundaries and lack of transparency can create
new latent barriers [5]. These limits can, for example, affect, on the one hand, access
to tasks or, on the other hand, the evaluation of solutions.

Responsibility for career development lies almost exclusively with the individual,
as classic HR structures and company support are missing [5, 53]. This is initially in the
spirit of the boundaryless career. However, this lack of institutional support from an
organization promotes the pressure to market one’s own workforce [55]. Platforms
create individual visibility for workers by creating profiles and thus establish
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Boundaryless
career
characteristics

Crowdworking connection

Opportunities for
career

Risks and challenges for
career

High mobility (psy-
chological and phy-
sical across
organizational
boundaries).

Crowdworkers work across
different clients and plat-
forms, enabling flexible phy-
sical and psychological
mobility.

Enables diverse work
experience, project
variety, and
adaptability.

Career uncertainty due to
short-term orders and
inconsistent demand.

Self-control and
independent career
planning.

Crowdworkers choose tasks,
working hours, locations,
and develop skills
independently.

High autonomy, flex-
ible work organization,
enhanced work-life
balance.

Algorithmic control and
platform rules limit true
autonomy (autonomy
paradox).

Network orienta-
tion external to
company.

Crowdworkers build profes-
sional networks via platform
communications for new
tasks and support.

Supports continuous
career opportunities
and self-marketing
beyond a single
employer.

Limited face-to-face inter-
action; reliance on digital
networks can be isolating.

Personal responsi-
bility and proactive
career attitude.

Crowdworkers manage and
craft their own careers and
skill development across
platforms.

Encourages skill diver-
sification and entrepre-
neurial career
management.

Pressure to market oneself
and compete intensively;
lack of institutional
support.

Adaptability and
openness to new
challenges.

Crowdworkers must adapt to
diverse tasks and changing
platform demands.

Enhances lifelong
learning capabilities.

Lack of structured learning
pathways and uncertainty
about career progression.

Psychological mobi-
lity (willingness to
learn and change).

Crowdworkers embrace con-
tinuous skill development
and new project challenges.

Motivates personal
growth and career
crafting.

Risk stress due to constant
pressure and lack of
support.

Paradigm shift from
long-term company
loyalty.

Crowdworking detaches
careers from fixed employ-
ers; it is seen as temporary
membership.

Flexibility to design
one’s career freely,
without being bound to
hierarchical
advancement.

Precarious income, career
instability, and difficulty
transferring crowdwork
experience to traditional

jobs.

Network orienta-
tion for
marketability.

Crowdworkers use external
recognition and platform
ratings to define career
success.

Enhances personal
brand awareness and
market position.

Constant competition and
visibility pressure, leading
to self-exploitation risks.

Physical and orga-
nizational mobility

Crowdwork involves multi-
client and multi-platform

Freedom from organi-
zational constraints and

Fragmented career path and
lack of formal progression

across projects, engagement. the possibility of cross-  opportunities.
industries, sector experience.
companies.

Table 1.

Summary of boundaryless career characteristics, their velevance in the context, and the vesulting opportunities
and risks (own illustration).

a connection between personal work and competition in a small space, which leads to
high pressure on crowdworkers [55]. Ultimately, this lack of formal support systems
and structured learning or advancement opportunities can also make it difficult to
develop career skills [6] if earning a living is primary and the long-term career
perspective can only be secondary due to the pressure situation described. It is also
conceivable that (self-)exploitation dynamics are more likely to occur [56].
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Despite the flexibility targeted, career development often remains uncertain and
possibly characterized by short-term orders via the crowdworking platform [5, 49,
53], which makes a career that is based solely on the platform very precarious. Either
the career must be structured in such a way that it is designed for several platforms
and is therefore diversified, or it must be associated with a certain foresight that
compensates for temporary losses in orders.

When crowdworking is used within organizations, there are usually few
interactions directly with customers. Feedback opportunities, which may be career-
enhancing, are also limited. Classic opportunities for advancement are usually
replaced by platform dynamics and their remuneration systems [9]. If employees
already work on external platforms, transitions into traditional dependent
employment relationships are more difficult because the skills and experiences of
platform employees are often not very transferable or recognized [6]. This, in turn,
limits the flexibility of the career mentioned above.

The above-mentioned aspect of autonomy, which is addressed through
crowdworking, can also turn negative if mechanisms located under the concept of
the autonomy paradox take effect [57]. In this context, the autonomy paradox
includes the contradictory situation in which, within boundaryless careers,
crowdworking formally provides a high level of autonomy and self-determination,
but at the same time, this autonomy is limited by various control mechanisms, such
as the algorithmic control mentioned above, evaluation logics, or market constraints
(pressure to use one’s own labor market), which can restrict it [5].

Internal crowdsourcing can be an important building block for pursuing
boundaryless careers. It creates the conditions for cross-border, self-directed career
paths, promotes collaboration and innovation, and supports modern, agile career
management under appropriate conditions.

However, the diffuse responsibility between platforms, clients, and workers for
career management sometimes leads to a lack of supportive HRM practices. Neither
platforms nor clients feel responsible for promoting the careers of employees [6], so
there is self-marketization pressure on employees.

Based on the aspects above, it is recommended that companies and platform
operators establish a common and self-organized HRM. Shared HRM, in the form of
network models, is proposed as a solution [6]. Platforms and customers could jointly
provide feedback, training, and networking opportunities. In contrast, platform
employees in self-organized online communities can support each other, exchange
knowledge, discuss, and provide development resources.

7. Added value and implications for employees, clients, and platform
providers
The concrete added value and implications of crowdsourcing in the context of
a boundaryless career differ for companies (clients and platform operators) and
employees.

7.1 For clients

Companies can use crowdsourcing as a whole to access the innovation potential
and diverse skills of a broad audience.
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Digitalization and global access to crowdsourcing platforms allow companies to
access global pools of knowledge and work. This leads to heterogeneous teams that
work together on a project-related basis and can replace classic team structures.

Internal crowdsourcing can influence cooperation and corporate culture as new
forms of collaboration and co-determination emerge. However, the roles of works
councils and the representation of the interests of crowdworkers need to be
rethought and possibly expanded.

By adding crowdworking, companies can create internal career paths based on
actual skills and experience. By participating in (internal) crowdsourcing projects,
the skills and commitment of employees can also become visible (company-wide).
This makes it easier for HR departments and managers to identify and, if necessary,
specifically promote talent.

Platforms offer the ability to provide a flexible, scalable workforce that responds
quickly to fluctuations in demand, thereby reducing costs.

The boundaryless career concept can help platforms identify career boundaries
that affect the development of platform employees and, thus, the operation of the
platform, and develop solutions — for example, through joint HRM with customers.

7.2 For platform operators

Ideally, crowdworkers with a boundaryless career orientation bring in a wide
range of skills and networks, which increases the dynamism and innovative strength
of platform work and allows the platform to distinguish itself as a flexible mediation
model, as skills can be available flexibly across different platforms and projects.

Boundaryless careers promote the idea that platforms can respond more easily to
changing demand because crowdworkers link multiple orders from different
platforms in a mobile and self-organized manner. This reduces dependencies and
risks for operators and creates better scalability.

Platform operators can improve the qualification and retention of crowdworkers
through structured feedback, further training, and networking offers, which, in
turn, can increase the quality and satisfaction of clients. However, platforms should
offer systematic training or development measures, which can enable the use of
potential and sustainable career development. The development of transfer skills
(knowing-how, knowing-whom, knowing-why) among crowdworkers supports
their long-term loyalty and success on the platform, which allows operators to ensure
more stable supply chains and higher quality.

7.3 For employees

Participation in crowdsourcing projects can be considered an important component
of individual career development, as it offers learning and development opportunities
that go beyond, sometimes, traditional continuing training measures. In principle,
employees can use the platforms to try out different activities and organize their work
independently, which potentially promotes the development of their own career.

Internal crowdsourcing gives employees the opportunity to actively participate in
innovation and change processes within companies. This participation can also serve
as a springboard for their own careers, as employees gain experience outside of their
traditional roles and build networks. Employees can recommend themselves for
further tasks or positions through their contributions.
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Platform work offers formal flexibility, for example, in the choice of working
time, location, and assignment. This makes it easier to combine work and private life,
and physical and psychological mobility can be achieved through several platforms
and clients at the same time. However, this can only be achieved if the skills for self-
control are developed.

However, the real added value for many employees is limited because HRM
support (e.g., training, feedback, career opportunities) is often missing, and there
are limits to advancement and job changes. Through shared or self-organized HRM
in communities of practice, platform workers can develop competencies, build
networks (knowing-whom), and strengthen motivation/identity (knowing-why),
which improves their chances of intra and interorganizational mobility.

Crowdsourcing opens up new career paths for individuals that are less linear. At
the same time, however, uncertainties arise regarding social security, remuneration,
and long-term development opportunities. Crowdworkers sometimes receive low
remuneration in the microtask sector. For career research, the question therefore
arises as to how sustainable, stable careers can be designed in flexible, platform-
based working models. Companies must also ensure that crowdsourcing is not
misused to simply siphon off ideas, but rather offers real development opportunities
for participants.

Algorithmic control and limited institutional career support can result in
restrictions on autonomy and increased uncertainties (e.g., precariousness, lack of
social security). Responsibility for career development lies almost exclusively with
the individual, which leads to high self-marketing pressure and can make long-term
development more difficult.

The combination of a boundaryless career and crowdsourcing enables employees
to have more flexibility and self-directed career development. Above all, platform
operators will have new opportunities to increase quality and competition.
Innovative forms of collaboration and the aspect of talent development should be
highlighted for clients. Equally, it should be taken into account that the challenges
cited, such as precariousness, lack of institutional promotion, and algorithmic
control, can be addressed with new HR and management concepts to ensure
sustainable and fair career opportunities on platforms, in the spirit of a boundaryless
career.

8. Conclusion

The combined consideration of theory and practice, the boundaryless career
concept, and crowdworking show that although crowdworking structurally offers
the prerequisites for boundaryless careers and there are some obvious similarities in
coverage, there are actually many arguments that make such careers more difficult
and limit the long-term acquisition of career skills.

In summary, by conducting this narrative literature review, it can be said that
crowdsourcing influences careers by enabling new forms of work and career, can
support individual career orientations, and promotes innovative skills. At the same
time, it presents career management with challenges in terms of self-marketing
pressure, security, and sustainable development opportunities.

Platform work offers companies and crowdworkers new opportunities or even
synergies but is associated with significant challenges for sustainable, that is,
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long-term careers. The research stresses the need for new management and HR
concepts in order to exploit the potential of these forms of work and minimize risks
[6]. What exactly these can look like and to what extent they are actually possible in
the context of a boundaryless career without the advantages being mitigated is
unclear. More transparency, fair rating systems, and new HR strategies are also
required to enable sustainable careers in platform work [6, 58]. However, up to this
point, the identified opportunities and risks of crowdworking in the context of the
boundaryless career can be useful in practice.

Boundaryless career is a central concept in modern career research that
emphasizes flexibility and personal responsibility. It offers opportunities for
individual development but is not universally applicable and faces methodological
and conceptual challenges. Even though the narrative literature review cannot
provide a systematic overview of the research, it becomes clear that crowdworking is
not frequently considered in the context of boundaryless careers but is nevertheless
worthy of discussion. This calls for further research in various areas.

Future research should take greater account of the diversity of career boundaries
and contexts. Overall, future research in the field of careers should focus more
strongly on digital career contexts in order to generate insights into the interactions
between people and digital platforms.

For an even more specific analysis, it is necessary to consider the respective
regional or national economic and legal area, because, for example, the social
security systems in the countries can significantly influence the conditions of
platform work, which leads to different forms of precarious work [59]. Qualitative
research could contribute to a better conceptual foundation for careers in the digital
context, while more detailed standardized surveys on platforms could provide
generalizable findings on career perceptions, career conditions, or boundaries in
digital working contexts. Studies similar to those conducted by Haq et al. [60] would
be useful, for example, to systematically capture the tension between autonomy and
structural platform constraints.
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Chapter 10

Digital Bridges: Enabling
Cross-Border Research
Collaboration in Southern African
Universities

Joseph Zuva and Pinias Chikuvadze

Abstract

The digital tools have the transformative potential to foster cross-border research
collaborations within the universities in Southern Africa. Thus, they offer avenues for
shared knowledge and innovation. A systematic review approach guided the definition
of themes, setting the inclusion criteria, conducting literature searches, assessing quality,
extracting data, and synthesising findings. It is in this regard that this chapter aims to
explore how digital technologies are reshaping the dynamics of research in universities.
This calls for the interrogation of challenges and opportunities faced by universities in
leveraging digital technologies for an interconnected research ecosystem within the
region. Additionally, this chapter delves into the impact of these technologies on
nurturing inclusivity by bridging the gap between historically deprived and well-
resourced universities. Furthermore, ethical issues, data privacy concerns, and the
significance of impartial partnerships are critically dissected to guarantee the
sustainability and veracity of these collaborative efforts in universities. In conclusion,
this chapter presents case studies and success stories of digitally-enabled research
collaborations within Southern African universities. Thus, these serve as a proposal
for overcoming challenges and taking full advantage of cross-border research
collaborations. Therefore, this chapter illuminates the transformative impact of digital
tools on research collaborations in universities in Southern Africa. Hence, it offers
actionable insights and strategic recommendations for universities, academics, and
policymakers. It is in this context that this chapter underscores the significance of
embracing digital tools as a catalyst for bridging universities in Southern Africa as they
advance their collaborative research agenda in innovation and knowledge production.

Keywords: cross-border, digital bridges, research collaboration, Southern Africa,
universities

1. Introduction

The Fourth Industrial Revolution (4IR) in this twenty-first century has deeply
transformed research in universities in Southern Africa [1]. Thus, it has offered
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unprecedented opportunities for collaboration, resource optimisation and
knowledge exchange. In this case, digital technologies have aided universities in
transcending physical limitations to vast online repositories, sophisticated data
analysis tools, and virtual collaboration spaces [2]. In addition, cloud computing,
artificial intelligence, and blockchain-based research authentication instruments are
increasingly influential in how academics conduct their research, share results,

and engage with global academic communities [3, 4]. This shift towards digital tools
not only quickens the pace of research but also enhances accessibility and inclusivity,
making universities more dynamic and consistent.

It is significant to acknowledge that there have been fruitful research
collaborations between universities [5]. However, many academics have struggled
with bureaucratic constraints, restricted access to international research links, and
irregular funding mechanisms. In addition, cross-border research collaborations in
universities have been inhibited by discrepancies in institutional resources,
infrastructural restrictions, and geographic remoteness [6-8]. Therefore, digital
technologies in universities across the region are protagonists in bridging gaps
prompted by resource disproportions, technological constraints, and physical
separation.

Despite growing interest in regional academic infusion, Southern Africa’s
universities face persistent challenges to cross-border research collaboration,
including uneven digital infrastructure, limited institutional support, and
fragmented policy environments. These challenges hinder the formation of
sustainable research networks and restrict access to shared knowledge resources.
Addressing the digital divide through strategic digital bridges is essential to
unlocking the region’s collaborative potential and fostering inclusive academic
development. Hence, this chapter aims to critically examine how digital bridges
facilitate cross-border research collaboration among universities in Southern
Africa. It seeks to identify challenges and opportunities for digital inclusion,
assess the impact of digital connectivity on academic partnerships, and examine
the socio-economic and cultural dimensions in university research
collaborations. This book chapter provides a critical examination of how digital
bridges can transform cross-border research collaboration in Southern Africa,
thereby contributing to the discourse on impartial digital transformation in
universities across the region.

2. Methodology

In the context of the above-mentioned background, this chapter adopted
a systematic review methodological approach to enable cross-border research
collaboration among Southern African universities. Peer-reviewed literature
sources from 2010 onwards were sourced using databases such as Scopus,
Directory of Open Access Journals (DOAJ), Web of Science, Elsevier, and
Google Scholar. Inclusion criteria focused on relevance to digital collaboration,
regional scope, and academic rigour. The targeted sources were screened and
appraised using PRISMA guidelines. Thematic synthesis guided analysis,
identifying key enablers, barriers, and emerging trends. This ensured
replicability, transparency, and a comprehension of how digital bridges are
shaping regional academic partnerships and knowledge exchange.
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3. Digital technologies reshaping cross-border research collaboration

In this chapter, digital bridges refer to technological infrastructures, platforms,
and initiatives that connect people, institutions, or regions across physical, cultural,
or institutional divides, especially in contexts where access to digital tools and
connectivity is uneven. The concept is used interchangeably with terms such as
digital inclusion and digital research collaboration. In Southern African universities,
these serve as enablers of collaboration, communication, and inclusion in the digital
age [9]. Thus, they have transformed cross-border research collaborations, despite
the existence of numerous hindrances. This has facilitated a seamless exchange of
knowledge, enabling cross-border research collaboration regardless of one’s
terrestrial position. For instance, through the influence of open-access repositories,
cloud computing, and virtual research networks, researchers can effectively segment
resources, co-develop knowledge, and enhance the impact of their output [10]. Thus,
digital technologies have torn apart traditional challenges, nurturing inclusivity
and widening access to transformative cross-border research collaboration
opportunities. In this case, digital technologies are considered the cornerstone of
modern cross-border research collaborations without physical presence.

In addition, platforms such as Academia.edu, Open Researcher and Contributor
ID (ORCID), and ResearchGate enable researchers to exchange findings, connect,
and engage in discussions with peers across universities or countries [11]. It is
significant to note that cloud-based collaboration tends to enhance cross-border
research collaborations through the provision of decentralised storage and real-time
access to relevant resources. Thus, to guarantee that researchers are able to work on
documents simultaneously, services like Dropbox, Google Drive, and Microsoft
OneDrive minimise delays and streamline data sharing [12]. In other instances,
specialised research environments like Jupyter Notebooks and Google Colab have the
potential to promote co-authoring of computational studies and analyse large
datasets collaboratively [13].

It should be highlighted that, historically, access to intellectual knowledge has
been circumscribed by patented journal subscriptions and institutional borders. The
availability of open-access repositories and digital libraries has emerged as a solution
to the democratisation of research accessibility for universities within the region.
Hence, platforms like the DOAJ, PubMed Central, arXiv, etc., are enabling
researchers in universities within the region to stay updated on global research
developments [14]. This repository network within the region fosters research
visibility and promotes collaborative engagement. In addition, through these
platforms, researchers from different national and regional universities have access
to a vast range of academic publications. Furthermore, initiatives like the South
African National Research Foundation’s (NRF) Open Access Portal further facilitate
knowledge dissemination nationally and regionally [15]. This empowers universities
to cultivate academic excellence despite financial challenges.

Video conferencing tools like Zoom, Microsoft Teams, and Google Meet have
redefined how researchers from universities within the region exchange knowledge
and interact [16]. For researchers to securely store, archive, and share datasets
nationally and regionally, universities adopted data-sharing platforms like Zenodo
and Figshare [17]. These platforms create an environment that promotes
transparency and reproducibility in research. In addition, there are tools like
Mendeley, Zotero, and EndNote, which can facilitate collaborative writing, literature
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synthesis, and citation management, thereby enhancing the research process [18].
This, in academic research, augments data security, ensures the veracity of research
collaborations, and thwarts unauthorised adjustments of shared results. Therefore,
the adoption of these digital technologies advances research collaboration, which
bridges university disparities within the region. In other words, it nurtures an
equitable research ecosystem, thereby empowering universities within the region to
co-develop solutions to societal problems [19]. All these transformative research
collaborations are made possible through the interaction of big data analytics,
decentralised research infrastructure, and artificial intelligence. Hence, for the
region to embrace these technologies, there is an absolute need for universities to
create a more cohesive and globally competitive research landscape to propel
academic excellence.

4. Challenges and opportunities in leveraging digital technologies

It is relevant to highlight that the effectiveness of digital research networks
depends on researchers’ ability to navigate advanced software for data analysis,
online knowledge sharing, and interdisciplinary collaboration [20]. However, it is at
times not possible since many researchers in the region are mostly grounded in
traditional research methodologies. This calls for specific training in cybersecurity,
virtual collaboration platforms, open-access publishing, and data management.
Hence, at both regional and national echelons, universities are progressively
prioritising deliberate capacity-building initiatives aimed at connecting digital tools
to reinforce research collaborative ecosystems [21]. These exertions are considered
to foster trans-institutional collaboration, augment knowledge discussion, and
intensify the conspicuousness, approachability, and influence of research outputs
across diverse university communities.

This is against the backdrop that many Southern African universities operate
under shoestring budgets, thereby limiting their ability to invest in open-access
collaborative research repositories and digital infrastructure [22]. Hence, there is
a need for government institutions and funding agencies to be at the centre of
enabling contributions to the adoption of cloud-based management, international
research collaborations, and digital projects. This should be grounded in national and
regional policy frameworks, which encourage intellectual property protections in
digital galaxies, ethical guiding principles for online collaborative research activities,
and remote research collaborations [23]. Hence, the need to fortify the national and
regional regulatory and financial structures such that universities can have a firm
underpinning for the development of digitally-enabled collaborative research links.

This chapter considers infrastructure as one of the challenges inhibiting the
adoption of digital technologies in collaborative research nationally and regionally.
Some of the universities in the region struggle with outdated technologies, unreliable
electricity supply, and limited bandwidth in their quest to ground collaborative
research in digital technologies [24]. Therefore, this discrepancy in digital
infrastructure hurts digital research collaboration across the region. This creates an
uneven playing field where underfunded universities face challenges in infusing
digital tools into their research collaborations, while well-resourced universities can
effortlessly partake in this drive. This disparity can be addressed through national
and regional investment in cloud storage solutions, accessible research databases,
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and broadband connectivity [25]. Hence, collaborative research efforts through
communal resources can bridge this gap and increase inclusivity in digital research
collaborations.

In spite of the above-mentioned challenges faced, it can be acknowledged that
digital technologies present transformative prospects for research collaboration
within the region. Thus, the effective adoption of digital collaborative research
environments facilitates researchers in universities to engage in research activities
without terrestrial limitations and to advance interdisciplinary links. This facilitates
real-time data exchange, thereby allowing researchers to co-author publications,
interrogate large datasets, and carry out joint experiments collaboratively [26].
Therefore, these advancements accelerate knowledge production, create a dynamic
research ecosystem, and enhance research efficiency. This generates a podium for
researchers to contribute implicitly to both national and regional research efforts
while addressing contemporary issues [27].

In addition, it can be highlighted that digital research collaboration serves as
a conduit to diminish inequalities between historically deprived and well-funded
universities across the region [28]. In other words, shared digital repositories and
open-access initiatives have the potential to guarantee that knowledge is accessible to
all researchers across the region. This can be achieved through the adoption of
decentralised knowledge-sharing platforms, cross-institutional projects, and virtual
networking events to empower all researchers, irrespective of the status of their
universities [29]. This enhances institutional synergy, allowing researchers to
leverage harmonising proficiency and develop solutions to persistent national and
regional socio-economic challenges. By addressing these challenges, national and
regional universities are likely to unlock the full potential of digital technologies,
thereby creating an interconnected research ecosystem grounded in knowledge
sharing and innovation. The Table 1 summarises some of the challenges and
opportunities related to digital bridges for cross-border research collaboration in
universities.

Category Challenges Opportunities

Infrastructure Uneven access to high-speed internet  Investment in regional cloud infrastructure
(limited cloud computing capacity) (expansion of broadband access)

Platform Incompatible software systems across ~ Standardisation of digital research frameworks

compatibility universities (adoption of open-source platforms)

Digital literacy ~ Technological proficiency gaps Regional digital training programs (capacity-
among researchers building initiatives)

Access to Limited access to subscription-based ~ Open data repositories (e.g., University of Cape

research journals Town’s Open Data Project) enhance transparency

outputs

Cultural and Underrepresentation of Indigenous Al-driven tools for language preservation (e.g.,

linguistic knowledge systems Stellenbosch’s Digital Humanities)

inclusion

Global Risk of dependency on external Strategic partnerships with global research net-

engagement universities works (knowledge transfer and mentorship)

Table 1.

Challenges and opportunities in leveraging digital technologies in universities.
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The table underscores the dual landscape of digital research collaboration in
Southern Africa’s universities, where promising innovations co-exist with persistent
structural and operational challenges. By strategically addressing these barriers and
leveraging the outlined opportunities, universities can transform digital bridges
from isolated efforts into cohesive, sustainable networks that advance regional
academic infusion and global research relevance.

5. Inclusivity in cross-border universities research networks

In addressing disparities between well-resourced and disadvantaged universities
in Southern Africa, cross-border research networks have been advocated by
researchers [30]. It is against this background that most universities in the region
struggle to compete in digital research networks. This is mainly due to limited access
to cutting-edge digital tools, a dearth of high-speed internet, and financial
restrictions. On the other hand, well-funded universities have invested in
international research collaborations, contemporary research services, and cutting-
edge digital libraries [31]. It is in this context that the region has put in place
strategies to foster an equitable research collaboration model to encourage capacity-
building and resource allocation across universities. This is done with the view of
bridging the digital gap between the underprivileged and well-resourced universities
within the region [32]. Hence, there is a need for initiatives like shared access to
digital repositories, collaborative research hubs, and joint research funding pools to
generate synergy for meaningful research in an inclusive and balanced manner.

Regardless of a university’s background, equitable access to digital resources is
acknowledged as a vital cog for ensuring that researchers can engage in high-quality
collaboration in knowledge production [33]. Hence, this unequal research platform is
leveled through the engagement of cloud-based research tools, data-sharing
arrangements, and open-access publishing platforms. It is in this context that
researchers from underprivileged universities should be exposed to specialised
training workshops, academic exchange opportunities, and mentorship programmes
to enable them to upgrade themselves to the expected research competence levels.

This has been made possible through digital collaboration initiatives that promote
inclusivity in Southern African research networks, such as the Regional Universities
Forum for Capacity Building in Agriculture (RUFORUM) [34]. These initiatives
have leveraged digital platforms to link researchers from different universities,
enabling multiparty studies in areas such as sustainable development and food
security. In addition, the South African NRF and the Africa Open Science Platform
advocate for transparent data-sharing, collaborative research, and open access to
repositories to nurture knowledge-sharing among universities [35]. This is illustrated
by Figure 1.

This is an example of how digital technologies can be employed strategically to
strengthen regional research collaboration. As shown in figure 1 this digital bridge
conceptual framework illustrates how interconnected digital infrastructure, cloud
computing, collaborative platforms, open data initiatives, and high-speed internet
access collectively enable cross-border research collaboration in Southern Africa.
These components function synergistically to overcome geographic, financial, and
institutional barriers, fostering inclusive academic partnerships. Cloud-based tools
support data-intensive research, while open repositories democratize access to
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DIGITAL

BRIDGES

Figure 1.
Mapping cross-border research networks in Southern African universities.

knowledge. Collaborative platforms enhance real-time engagement, and
standardised digital systems mitigate compatibility issues. High-speed connectivity
remains foundational, requiring sustained investment. Together, these elements
form a resilient digital ecosystem that empowers universities to participate in global
research networks and address regional challenges through shared innovation. It is
against this background that digital inclusivity remains a priority in research
collaborations nationally and regionally. Therefore, by adopting digital inclusion,
universities in the region can cooperatively connect their academic investments to
boost innovation, support all-inclusive knowledge production, and tackle regional
problems. Below is a diagrammatic presentation of the digital research collaboration
process in Southern African universities.

Figure 2 above illustrates the digital collaboration process provides a structured
view of how Southern African universities can build effective cross-border research
networks through digital bridges. The process begins with digital infrastructure,
which includes broadband connectivity, cloud servers, and institutional hardware.
This foundational layer is critical, as disparities in infrastructure across the region
often determine the extent to which universities can participate in collaborative
research. Next, technological tools such as collaborative platforms, data repositories,
and virtual communication systems enable researchers to engage across borders.
However, the effectiveness of these tools depends on their interoperability and
accessibility, which must be addressed through inclusive design and regional
standardisation.
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DIGITAL INFRASTRUCTURE
ETHICAL AND INCLUSIVE GUIDELINES
COLLABORATIVE OUTCOMES
Figure 2.

Digital collaboration process in Southern African Universities.

The third stage, ethical and inclusive guidelines, plays a pivotal role in
shaping responsible digital collaboration. These guidelines ensure that research
practices respect data privacy, intellectual property, and cultural sensitivities.
They also promote equitable participation, especially for under-resourced
institutions and marginalised communities. Following this, digital practices
refer to the actual implementation of collaborative activities, such as co-
authoring publications, sharing datasets, and conducting joint analyses. This
phase reflects the operationalisation of prior investments and ethical
commitments, and its success depends on researchers’ digital literacy and
institutional support. Finally, collaborative outcomes represent the tangible
results of digital research partnerships, including joint publications, policy
innovations, and shared knowledge products. These outcomes should be
accessible, inclusive, and reflective of diverse contributions across the region.

Throughout the process, inclusivity and ethics are not standalone elements
but embedded principles that guide each stage. By integrating these values
into infrastructure, tools, and practices, universities can ensure that digital
bridges are not only functional but transformative, advancing regional academic
integration, fostering innovation, and contributing meaningfully to global
research agendas. This framework offers a roadmap for sustainable, equitable,
and impactful digital collaboration in Southern Africa.
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6. Socio-economic and cultural dimensions in universities research
collaborations

This section examines the intersection of digital research collaboration and socio-
economic development in Southern Africa, which has the potential to address both
national and regional challenges such as climate change, public health, and more.
Digital platforms can enable researchers (scientists, sociologists, economists, and
policymakers) to combine their competencies and generate holistic solutions to
contemporary problems bedevilling the region. This is further supported by the
inclusion of digital technologies like remote sensing, Al-driven policy analysis, and
data modelling in collaborative research [36]. These technologies can be utilised by
researchers to develop approaches that strengthen health systems, foster sustainable
economic growth, and mitigate climate hazards. Consequently, when researchers
collaborate across borders, it ensures that results are contextually responsive and
relevant to the unique socio-economic circumstances within the region.

It is significant to highlight that Southern African communities have a long-
standing Indigenous Knowledge System (IKS) that can be harnessed to strengthen
digital research collaborations. In other words, IKS can offer treasured insights into
public health practices, justifiable resource management, and ecological
preservation. Therefore, Geographical Information System (GIS) mapping for
indigenous land-use practices, online forums for knowledge discussion, and open-
access knowledge repositories are some of the approaches that can be used to infuse
indigenous views into research collaborations [37]. This can facilitate collaborations
between universities and local societies, which guarantee that IK is well-kept and
infused into scientific procedures. Therefore, this reassures inclusivity and improves
the quality of collaborative research outputs, since the entire process is grounded in
local communities’ lived experiences.

In the past, the underprivileged societies’ abilities to contribute meaningfully
to knowledge generation were restricted, as it was a preserve of the elite
universities [38]. These institutions had the leeway to contribute towards
knowledge generation because they had access to research and policy
discussions. This calls for the democratisation of facts through digital inclusion,
which is promoted through the dynamism of open-access research databases,
virtual conferences, etc. This enables a holistic approach to global research
discussions to influence policy decisions. In other words, digital inclusion
fortifies democratic participation and ensures that various voices shape the path
of the region’s collaborative research urgencies [39]. This fosters regional
cohesion, strengthens research collaborations, and guarantees that knowledge
flows easily across universities and borders. It is important to highlight that
digital research collaboration requires the inclusion of ethical reflections, such as
Intellectual Property Rights (IPR), research ownership, and data privacy. In this
case, policymakers and universities need to develop clear guiding principles to
encourage data integrity and ensure open research collaborations.

In addition, digital inclusion has a critical role to play in influencing community
engagement with systematic research procedures. For instance, online learning
platforms, community-driven digital archives, and indigenous science initiatives allow
for knowledge co-creation between the community and researchers [40]. This inspires
a participatory research approach, thereby confirming that the findings are associated
with social significance and home-grown needs. Therefore, the infusion of diverse
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standpoints into digital research collaborations helps the region’s capacity to address
persistent issues with justifiable, socially agreed-upon resolutions.

7. Ethical considerations and data privacy in universities research
collaborations

It is important to acknowledge that the adoption of digital research collaboration in
universities creates the need for vigorous ethical contexts. This was brought into the fold
with the view to ensure transparent and responsible research collaborations in
universities within the region. Thus, ethical digital research collaborations call for the
articulation of clear procedures on data privacy protection, integrity, and ownership
in cross-border universities with different monitoring values [41]. Hence, there is a need
for researchers from various universities across the region to adhere to the standardised
research ethics guidelines. Therefore, it is significant to develop governance structures
to oversee digital research collaborations nationally and regionally to strengthen
transparency and accountability. These can include institutional review boards, ethics
committees, and regional policy contexts to guarantee that research practices align with
national, regional, and global ethical standards.

According to [42], IPR in digital collaborative research presents authorship
attribution, patent protection, and equitable access to knowledge as some of the
challenges encountered. It is important to highlight that, as universities move
towards open access and cloud-based repositories, safeguarding IP while advancing
the ideals of collaborative innovation becomes a critical element. In addition,
researchers’ contributions can be protected through the enactment of data licensing
agreements, research-sharing protocols, and copyright laws [43]. The mechanisms
for tracking authorship and acknowledgement of intellectual contributions can be
enhanced by digital tools like blockchain for academic publishing. There is a need for
enacting policies supporting equitable publishing and open-source data with a view
to reducing the frequency of monopolisation of findings by well-resourced
universities. This ensures that knowledge remains available to researchers in
universities across the region.

According to [44], addressing the influence disparity between universities
with diverse echelons of technological and financial resources is another way of
creating impartial digital research collaborations. This creates sustainable research
networks guided by the principles of mutuality, communal advantage, and
impartiality. Under these circumstances, all universities can contribute and improve
through collaborative research efforts [45]. Therefore, ethical digital governance
should be the focal point in shaping sustainable collaborative research across the
region. A commitment to ethical digital collaboration ensures that research efforts
drive meaningful societal impact while maintaining trust, transparency, and
academic excellence [46].

8. Case studies and success stories in Southern African universities
Southern African universities have increasingly adopted digital technologies to

foster cross-border research collaboration, yet the effectiveness of these initiatives
varies. The African Data-Intensive Research Cloud, for instance, represents
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a promising leap in regional connectivity through cloud-based computing [47]. Its
capacity to support data-intensive disciplines like genomics and climate modelling is
significant, but its success hinges on equitable access to high-speed internet and
institutional investment — areas where disparities persist. Without widespread
infrastructure upgrades, its transformative potential remains unevenly distributed.
The University of Cape Town’s Open Data Project advances transparency and
democratizes access to scholarly outputs, particularly benefiting institutions with
limited journal subscriptions. However, its impact is constrained by the lack of
standardised metadata and interoperability across repositories, which can hinder
seamless data integration and reuse. To maximise its utility, regional coordination on
open data standards is essential.

Stellenbosch University’s Digital Humanities initiative showcases the innovative
use of Al and machine learning in preserving indigenous languages [48]. While this
effort contributes to cultural heritage and computational linguistics, its scalability
across the region is limited by resource intensity and the need for specialised
expertise. Broader regional uptake would require targeted capacity-building and
shared digital infrastructure. Despite these advances, persistent challenges
undermine the sustainability of digital collaboration. Platform incompatibility across
universities delays data exchange and reflects a broader lack of harmonised digital
research frameworks. Similarly, technological proficiency gaps among researchers
slow collaborative momentum, underscoring the need for regionally coordinated
digital literacy programs. Without such interventions, digital bridges risk becoming
fragmented pathways rather than cohesive networks. Furthermore, while
partnerships with global research corporations offer mentorship and access to
advanced technologies, they can also reinforce dependency if not strategically
managed. Initiatives like the African Research Universities Alliance and the Global
Research Council provide valuable platforms for cross-continental engagement, but
their long-term impact depends on the ability of Southern African universities to
assert agency, adapt global best practices to local contexts, and contribute
meaningfully to global research agendas.

9. Conclusion(s)

This chapter underscored the significance of embracing digital tools as a catalyst
for bridging universities in Southern Africa as they advance their collaborative
research agenda in innovation and knowledge production. This can be made possible
through policy interventions targeted at advancing digitally-enabled research
collaboration among Southern African universities. Thus, regional policy
frameworks, such as those coordinated by the Southern African Development
Community (SADC), should encourage research funding models that prioritise
digital collaboration, incentivising universities to adopt advanced technological tools
for interdisciplinary studies. By institutionalising digital research policies,
stakeholders can facilitate seamless knowledge exchange while ensuring ethical
compliance and data security in online academic networks. For Southern African
universities to fully leverage digital research opportunities, capacity-building
initiatives must focus on strengthening digital literacy, infrastructure, and research
management competencies. Additionally, technology investment strategies should
prioritise expanding digital repositories, establishing virtual research hubs, and

227



Crowdsourcing — Innovations in Digital Collaboration

integrating blockchain technology for transparent research validation. Sustainable
investment in institutional capacity ensures that universities remain competitive and
capable of leading high-impact research collaborations in the digital age. As digital
transformation accelerates, Southern African universities must position themselves
as leaders in innovative, globally connected research ecosystems. The integration
of artificial intelligence, big data analytics, and decentralised research platforms
presents new opportunities for advancing regional knowledge production. By
embracing long-term digital strategies, the region can secure its place in the evolving
landscape of university research.
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