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Abstract: Traditionally, small and medium enterprises (SMEs) in manufacturing rely heavily on a skilled, technical and professional
workforce to increase productivity and remain globally competitive. Crowdsourcing offers an opportunity for SMEs to get access to on-
line communities who may provide requested services such as generating design ideas or problem solutions. However, there are some bar-
riers preventing them from adopting crowdsourcing into their product design and development (PDD) practice. In this paper, we
provide a literature review of key crowdsourcing technologies including crowdsourcing platforms and tools, crowdsourcing frameworks,
and techniques in terms of open call generation, rewarding, crowd qualification for working, organization structure of crowds, solution
evaluation, workflow and quality control and indicate the challenges of integrating crowdsourcing with a PDD process. We also explore
the necessary techniques and tools to support the crowdsourcing PDD process. Finally, we propose some key guidelines for coping with
the aforementioned challenges in the crowdsourcing PDD process.
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1 Introduction computation, social computing, social machines and

crowdsourcing. The comparison24 of these terms is

Having benefited from technology promoted by Web
2.0 and smart mobile devices, it is convenient for Inter-
net users to get access to the Internet and share informa-
tion with others. In this context, the Internet users dis-
tributed all over the world (the crowds) show great po-
tential in creating amazing contents available online, and
it is easier for them to take part in various aspects of our
society. For example, Wikipedia is a great success which
has benefited from their continuous contributions. In-
spired by this, an increasing number of companies intend
to take their potential customers into their decision-mak-
ing process related to product development, services and
policies, or to seek help from the crowds in addressing
some problems that they cannot solve because of the
shortage of skilled employees and sufficient resources or
user engagements, especially for small and medium enter-
prises (SMEs). In this process, the crowds need to inter-
act with each other and the computer. How they interact
is a research focus of computer-supported cooperative
work (CSCW). There are a number of research terms re-
lated to crowd interactionsl!l: wisdom of the crowds, open
innovation, citizen science, collective intelligence, human
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shown in Table 1.

From the comparison of these terms in Table 1, it is
clear that crowdsourcing shares some features with these
terms. Crowdsourcing was first coined by Jeff Howe in
Wired Magazine as “the act of taking a job traditionally

Table 1 Comparison of terms related to interactions

Term Key features

Wisdom of the The input of a group of people rather than
crowds individuals is taken into account for decision
making

Open innovation A manifestation of the wisdom of the crowds in
business environments, using internal and
external ideas to accelerate internal innovation

Data collections under the direction of
professional scientists and scientific institutions

Citizen science

Collective Concerned with all forms of collective behavior,
intelligence including animal and artificial intelligence
Human Tackle technical tasks that computers still find
computation challenging

Social computing Emphasis on the information management
capabilities of groups and communities

Social machines Composed of crowd and algorithmic components,
and less of a focus on an open call inviting
contributions to a specific goal

Crowdsourcing  The emphasis is on human participants, the
crowds respond to an open call, benefit from social

computing technology
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performed by a designated agent (individual, institution,
non-profit organization or enterprise) and outsourcing it
to an undefined, generally large group of people in the
form of an open call”Bl. It focuses on the gathering, rep-
resentation, processing and use of information.

Kittur et al.lf] proposed a crowdsourcing framework
which encompasses the following research topics: task de-
composition, incentive mechanisms, organization hier-
archy of crowds, task assignments, communication and
coordination, collaboration workflow and quality control.
In each part, certain technology is adopted to ensure the
execution of the crowdsourcing process and the overall
quality of work output. In a previous literature review pa-
perl”, we have summarized the key techniques applied in
incentive mechanisms, task assignments and communica-
tion. Here, we mainly describe technologies in other parts
in more detail and discuss the technologies needed if ap-
plying crowdsourcing in product design and development
(PDD) process.

Our main contribution is three-fold:

1) Summarize crowdsourcing techniques in terms of
open call generation, incentive mechanisms, crowd quali-
fication for working, organization structure of crowds,
solution evaluation, workflow and quality control.

2) Investigate the technology necessary in a crowd-
sourcing PDD process.

3) Propose key guidelines for coping with the afore-
mentiond challenges in crowdsourcing PDD process.

The remainder of this paper is organized as follows:
Section 2 briefly introduces the crowdsourcing process.
The technology used in the crowdsourcing process is de-
scribed in Section 3, including research findings in terms
of techniques, framework, platforms and tools. Section 4
presents the technology needed for crowdsourcing PDD
process, and Section 5 summarizes the review work and
proposes key guidelines for coping with the aforemen-
tiond challenges in the crowdsourcing PDD process.

2 Brief introduction of crowdsourcing
process

2.1 Key elements of a crowdsourcing pro-
cess

On intermediary crowdsourcing platforms, whatever
task it crowdsources, the crowdsourcing process consists
of four key elements: the requester, the crowds, the task
which needs to be crowdsourced and the crowdsourcing
platform. The platform provides the requester a way to
get access to large crowds conveniently and involve them
into their production process and decision-making pro-
cess. A simplified crowdsourcing process is shown in
Fig.1. “Interactions 1” mainly means task input and the
feedback from the platform, while “Interactions 2” refers
to the broadcast of a task to crowds and crowd's submis-
sions of the performed task (including other communica-

@ Springer

. /~ Crowdsourcing
) . forms

Interactions 1

Requester
Crowds

Fig.1 A simplified crowdsourcing process

tions with the platforms).

In the process, “Requester” refers to an individual or
institution seeking help from crowds. “Crowds” refer to a
large group of people working on an internet-based
crowdsourcing platform and they take on tasks that are
advertised via an open call. Only when the crowd-
sourcing task is well-defined, then the proper crowds with
specific knowledge and skills will be selected. The crowd-
sourcing task proposed by the requester needs to be
mapped from the high-level goal to specific subtasks to be
completed by the crowds. The crowdsourcing form de-
pends on the nature of crowdsourcing tasks. Before
crowdsourcing the task, an open call including the specif-
ic task and its evaluation criteria need to be defined first.
The evaluation criteria can be provided by the requester
directly or be collected through crowdsourcing. The re-
lated technology in each element will be presented in
later parts.

2.2 Crowdsourcing forms

There are a lot of waysi 8 to crowdsource a task,
which are shown in Table 2. The crowdsourcing forms
could be used for classifying crowdsourcing platforms.

In these crowdsourcing forms, micro tasks and macro
tasks are classified by the granularity of tasks. Compared
to macro tasks, micro tasks are highly parallelizable and
can be divided into smaller pieces, which can be com-
pleted in seconds to minutes. Micro tasks are always the
tasks that are simple and easy to be accomplished by hu-

Table 2 Ways of crowdsourcing a task

Form Description Platform
examples
Micro tasks The crowdsourced routine work is  Mturk,

broken down into smaller and
independent units

microtask.com,
Clickworker

Quirky,
InnoCentive

Macro tasks Close to classical outsourcing

Challenges Competitions targeting grand OpenIDEO,
scientific, technology, business, or InnoCentive

social questions

Volunteer Initiatives seeking ideas and Crowd4U

campaigns contributions for the public good

Contests Asking crowds to work and only 99designs,
providing compensation to the crowdSPRING

winner
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mans but are challenging for computers, such as recogniz-
ing things in images. Macro tasks are difficult to be de-
composed and the resolutions for macro tasks require
much sharing of contextual information or dependencies
to intermediary results.

Other crowdsourcing forms, i.e., challenges, volunteer
campaigns and contests, cannot be classified into the
same category as neither can they be divided into micro
tasks, nor can they depend on the context information
and intermediary results. To some extent, product design
belongs to macro task, but it is much more complex than
that as product design is an iterative process and the fi-
nal design is an evolutionary result of countless refine-
ment and improvement based on the initial design ideas.

3 Crowdsourcing technology
3.1 Crowdsourcing framework

The goal of crowdsourcing is to obtain desired high-
quality product within a given time scale and with as low
a cost as possible. Based on the previous analysis, the
crowdsourcing frameworkl6l which we used in our previ-
ous workl(” is for micro tasks. Regardless of the crowd-
sourcing forms, the crowdsourcing framework (Fig.2) is
shown as follows.

Requester

Crowdsourcing platform

r
|
:
! .
Crowdsourcing task:
= g Reward system —
! Call generation :
1 1
g | !
E | I
=] 1 . 1 ol
2 11| Crowds selection: Evaluati 12
& |1 | Crowds’ qualification valuation process =
% | s’
i [ ——— * ____________ S s
Design solution: Voting or assessment
Organization structure results <

Selected crowds: Organization
structure, workflow, quality control

Winner solution

Fig.2 Crowdsourcing framework

In the crowdsourcing process, the general task is usu-
ally performed by an individual crowd as the task is
simple enough for individuals to tackle. As for complex
tasks, the crowds may need to build his/her own team as
in conventional setting. When they finish the task, they
can submit their results to the platform for later evalu-
ation. The output evaluation here is relatively simple, as

the selection of the winning solution is achieved by the
voting of crowds. For some tasks, the solution is assessed
by a group of experts in a traditional way, e.g., the in-
novation process of Jovotol9.

In the proposed framework, the techniques mentioned
are: call generation, incentive mechanisms, crowd qualific-
ation for working, the organization structure of crowds,
solution evaluation, workflow and quality control.

3.2 Crowdsourcing techniques

Based on the crowdsourcing framework in Fig.2, this
part elaborates crowdsourcing techniques related to the
mentioned aspects.

3.2.1 Call generation techniques

Call generation is the first step of the crowdsourcing
process. Clear instructions provide a larger possibility of
receiving high-quality responses from the crowdslSl.
However, there is no related research discussing how to
generate a good open crowdsourcing call (or challenge
brief). In conventional working environments, Jin et al.[l0]
investigated how to prioritize engineering characteristics
for quality function deployment and Pedersen et al.lll]
proposed a quantitative method for requirements develop-
ment using quality loss function.

In order to fill in this gap, we analyzed 14 cases from
OpenIDEOM2, Herox[!3], challenge.gov!4, devpost.coml!
and 5 cases from Northumbria Design School and sum-
marized 8 key elements of an open call that are shown as
follows:

1) Description

The text description should explain the task back-
ground and the goals of the task. If the task is to design a
specific product or component, the text description
should explain its features and functionality and how it
will affect the task goals.

2) Timeline

It lists the duration of each phase and incorporates it
with the crowdsourcing process.

3) Submission requirements

It tells the crowds which format of submission is ac-
ceptable. It may include a prototype or demonstration
video, related text description, image and video require-
ments, language requirements, intellectual property, fin-
ancial or preferential support, and so forth.

4) Judging and prizes

Sometimes, the judges may be announced. Eligible
submissions will be evaluated by a panel of selected
judges. The judging criteria may not apply to every prize.
Each prize has its own judging criteria that is more spe-
cific and concrete.

5) Criteria and disqualifications

The description of criteria could be derived from goals
for the challenge and the target customer group. It may
include three parts: what type of ideas they are looking
for, what stage of ideas they are looking for and evalu-
ation criteria. For a specific product or component, the
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criteria may be in terms of the following aspects: a) User
experience (UX) and design appeal, including the degree
to which the design reinvents the user experience—focus-
ing on utility, usability, intuitiveness, and design appeal.
b) Effectiveness and efficiency. ¢) Functional properties,
emotional and experiential qualities. d) Aesthetics, and
practicality, and so forth.

6) Crowd qualification requirement

It tells the crowds who can participate in the task
(participation eligibility) and how to get involved.

7) Rules and regulations

It includes goals for the task, resources to spur ideas
and other additional information, such as reference in-
formation.

8) About the sponsor

In an open call, not all the eight elements are needed.
For instance, when the task is open to all crowds, the
crowd qualification requirements are not necessary. On
most crowdsourcing platforms, the generation of an open
call is generally by an interactive way of answering pre-
set questions.
3.2.2 Incentive mechanisms techniques

Incentive mechanisms play an important role in mo-
tivating crowds to involve in performing crowd tasks. A
lot of research[16-2l] has been focused on the relationship
between incentives and crowd participation. Crowds do
not have to participate, since crowdsourcing systems or
platforms are typically open to everyone and do not rely
on contracts. Thus, certain measures must be adopted to
compel crowds to participate. Otherwise, crowd tasks
cannot be performed. The ways of attracting crowds
could be categorized into two distinct categories: extrins-
ic (e.g., reward, building of their personal reputation,
etc.) and intrinsic (e.g., enjoyment, being part of the
common good, etc.)?2l, The most common three motiva-
tions are reward, enjoyment and reputation.

1) Reward

Reward is the dominant motivation in the crowd-
sourcing processes. This includes cash bonuses, discount
coupons, free use of product, and virtual money. For in-
stance, Mturk and Figure Eight offer small financial re-
wards to an anonymous crowd engaged with tasks posted
by various requesters. Generally, most crowds are money-
driven and higher pay would usually get more crowds to
perform more tasks more quicklyl?3l. In some boring and
tedious tasks, such as transcribing countless hand-writ-
ten documents, monetary compensation must be guaran-
teed, or few crowds are likely to participate in the task.
However, money is not necessary to enable the high qual-
ity of completed tasks, which was found by Mason and
Watts(23l and Rogstadius et al.[24].

2) Enjoyment

In crowdsourcing processes, crowds usually choose the
tasks that interest them. When crowds are really inter-
ested in them or love doing them, they would like to de-
vote themselves to it, even if there is no reward. They are
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self-incentivised because of the feel of achievement
brought by finishing challenging tasks and the opportun-
ities to exercise skills and talents that they have no
chance to use in their ordinary lives(??],

Besides, some crowds are encouraged to engage in the
task by a game-like environment[?6l, where points, leader-
boards and other common game elements are included.
By playing tasks of this kind, they can relax themselves,
as well as get some rewards.

3) Reputation

A large proportion of crowds are driven to compete for
the recognition by their peers or their personal values.
Each time they finish the task, they will be scored or
ranked by the server according to their work quality. If
one has good reputation, it will be easier for him/her to
be chosen to perform other crowd tasks later.

Reward, enjoyment and reputation are just three main
incentives. Crowdsourcing platforms can adopt one or
several of them according to different task types.

3.2.3 Crowds’ qualification techniques

Different crowdsourced tasks have different skill and
qualification requirements for their participants, such as
open to all, reputation-based and credential-based. Gener-
ally, complex and domain-specific tasks have higher re-
quirements for their participants.

However, crowdsourcing platforms know little about
their users’ (crowds’) expertise and skills, they can only
rely on the matching between the requirements from the
requester and the profiles or participation histories of
crowds to judge whether a crowd is suitable or not to
participate in a specific task. Since the profile is provided
by the crowds themselves, there is a possibility that some
crowds fill in information that is not matched to their ac-
tual capabilities. Due to the anonymous nature of parti-
cipation on a crowdsourcing platform, some techniques
are used to avoid such cheating behaviors of the crowds.
The most often adopted measure is verification questions
(gold questions)2” 28] that are inserted to test the per-
formance of crowds. However, it is only useful in micro
tasks. In other forms of crowdsourcing tasks, it is useless.

Besides cheating behaviors, some crowds do not per-
form the task carefully as a result of poor platform con-
trol of the submissions. In order to ensure the quality of
work submitted by crowds, worker agreement is usually
signed before participating in the task. This measure is
adopted by most of the crowdsourcing platforms, but it
works little on the final output. The core problem here is
the identification of high-quality work, which is a re-
search question in quality control as well. In order to as-
sess a worker's quality, Ipeirotis et al.[29 seamlessly integ-
rated the gold data for learning the quality of the crowds
and their algorithm can be applied when the crowds are
asked to answer a multiple choice question to complete a
task.

A promising approach for selecting qualified crowds is
to identify their strong points by analyzing their work ex-
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perience and behaviors, thus ensuring the reliability of
their submissions. Although this method is powerful, the
cold-start question[3 that is common in recommendation
system cannot be neglected.

3.2.4 Organization structure techniques

In conventional settings, reasonable organization
structures benefit cooperation among employees, decision
making and quality controlBl. Generally, organizations
adopt hierarchical structure as their management
strategy, which could enable groups of employees to
tackle complex tasks and increase work efficiency.

In the context of crowdsourcing, hierarchical struc-
ture is the most popular organizational structure. Since
the crowds have various professional skills and experi-
ence, they are good in one or some specific domains, but
not in others. As a result, they play different roles in dif-
ferent crowdsourcing tasks. In a hierarchical structure
with many layers, the position of a crowd depends on his
or her capability. The hierarchical structure is more suit-
able for performing micro tasks. The crowds at the low-
est level perform subtasks with the smallest granularity,
while those at higher levels integrate the results submit-
ted by the crowds at the lower layer.

As for tasks that are not easy to decompose, the hier-
archical structure is useless as all employees work collab-
oratively targeted at the same goal and their work may
have dependency to others. Take software design and de-
velopment, which usually consists of various functional
modules, as an example. On the whole, the task of soft-
ware design and development is a micro task, but when
focusing on the lowest level of decomposition (module), it
is a macro task, as each module is still complex and can-
not be decomposed anymore, which will be realized by
the collaboration of a group of individuals with various
specialities. On this occasion, a team structure should be
more effective and efficient. Thus, the traditional team
structure can be applied in the virtual environment if it
can be well organized and controlled.

3.2.5 Solution evaluation techniques

The evaluation of submitted solutions is a necessary
step in the selection of better solutions, and it is also an
important way to ensure the quality of submissions. It re-
duces the volume of the alternative solutions for the win-
ning onel2.. However, the solution evaluation on general
crowdsourcing platforms, such as quirky®3], 99Designs/34
and Jovotol3] are relatively simple, as the key ways for
selection are crowd voting[33 34 and assessment of a group
of expertsl3] or the combination of these two methods.
Crowd voting effectively reduces the number of solutions,
and expert assessment rates submissions, selects winners
and adjusts rewards/36].

The existing evaluation approaches include the scale
of every submission on a five-star ratingB37l, and the eval-
uation data from external expertsi38. However, these
methods are not sufficient to evaluate the submitted solu-
tions and a multi-attribute scaling including ratings from

both experts and crowds should be more reliable. Gener-
ally, the submissions on a crowdsourcing platform usu-
ally increase rapidly in both volume and complexity. In
order to reduce evaluation time and cost, a text-mining
approachl36: 39 was applied in evaluating submissions from
crowds. Although the text-mining approach is effective in
reducing the volume of submissions, it does not work
when the submission is presented in other formats, such
as image and animation.
3.2.6 Workflow management techniques

Workflow management plays an important role in
achieving high-quality output. It concerns where the data
comes from and where it goes, as well as the integration
of data steams coming from various sources. It is affected
by many factors, such as the organizational structure of
crowds, the volume of submitted solutions and task integ-
ration mechanismsf2. In micro tasks, subtasks can be ac-
complished in parallel and the independent output can be
aggregated through voting or majority rulelfl. But macro
tasks have dependencies and require multiple types of ex-
pertise, sometimes, their requirements change with the
progress of the crowdsourcing process. In this circum-
stance, workflow management is urgently needed. Aniket
et al.l40: 4] has found that enabling more complex work-
flows can result in large differences in output quality even
with small differences in rewards and task order.

Generally, the structured workflowl4? is usually used
to provide interpretative and diverse feedback. Besides,
Dai et al.3] improved crowdsourcing workflows by micro-
diversion. They provide timely relief to crowds and hope
to improve productivity by retaining crowds to work on
their tasks longer or to improve the work quality. They
also used decision theory to model the iterative work-
flows and defined equations that govern the various steps
of the crowdsourcing processi44. Kittur et al.lfl indicated
that existing workflows should be improved on a large
space of parameters, instructions, incentives and decom-
positions so that they can be able to support the execu-
tion of complex tasks.
3.2.7 Quality control techniques

Quality control is an issue throughout the whole
crowdsourcing process and it has received the most atten-
tion so farl45l. Aniket et al.[? 46] found that 30% or more
of submissions on MTurk may be low quality. Since veri-
fying the quality of a large pool of submitted results is
hard, some crowds may submit answers with low
quality29. Thus, quality control of the crowdsourcing
process plays an important role in obtaining high-quality
output. The quality control approaches could be classi-
fied into two categoriesi3: design-time and runtime. The
design-time approaches include the open call generation
and crowds’ qualification, as described previously. There
are a lot of runtime quality control approaches. For ex-
ample, workflow management, expert review, output
agreement, ground truth and majority voting4’l. These
approaches can be adopted together for better quality as
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using one approach alone may contribute to cheating be-
haviours. For instance, when using output agreement, if
independent workers give the same response as the re-
ceived input, their output is accepted as a quality answer.
But, Kittur et al.[fl found that some crowds may agree to
coordinate answers, which made this method useless. Be-
sides workflow management, four other approaches are
used to filter out poor quality work after results have
been submitted. In ground truth, the submitted results
can be compared to a gold standard, such as known an-
swers or common sense facts. For instance, Figure Eight
relies on its gold standard to judge the answers submit-
ted by crowds. However, gold standards may not be pos-
sible for subjective or creative tasks (e.g., designing a new
product). Three other methods measure the quality of a
submission according to how well that crowd agrees with
others[29: 47 or according to the crowds’ votes.

All these seven aspects work together to achieve high-
er quality of submissions rather than working separately.

3.3 Crowdsourcing platforms

This research only focuses on online crowdsourcing
platforms. Crowdsourcing platforms connect requesters
with crowds and shape the practical interactions between
theml6l. Table 2 shows the types of crowdsourcing plat-
forms. The general phases of these platforms’ work pro-
cess are as follows: ideas, review, refinement, final review,
top ideas, awards and impact. However, these platforms
only support relatively simple and independent tasks
(e.g., idea generation, challenge solution and so forth)
from the start to finish or graphic designs from idea to
realization. For complex tasks that need cooperation from
a group of individuals, such as product design, these plat-
forms seem to be helpless.

Most of the crowdsourcing platforms are developed for
various applicationsl®l, such as challenge solving, idea gen-
eration and graphic designs. Quirky is a crowdsourcing
invention platform where great ideas from general people
could come into reality33 and an e-commerce platform as
well. Through it, the produced products would be sold.
OpenlDEO and Innocentive are examples of crowd-
sourcing platforms for making ideas grow, while Crowd-
Spring, 99Designs and DesignCrowd provide design op-
tions for selection from the requester. Other crowd-
sourcing platforms, like Figure Eight, are used for data
processing and analysis. Regardless of application scenari-
os of the crowdsourcing platforms, the tasks performed on
it are simple and independent. In order to support the
crowdsourcing process of complex tasks, the platform
needs to be improved in some aspects, e.g., solution eval-
uation, the communication and cooperation among
crowds.

3.4 Crowdsourcing tools

Crowdsourcing platforms integrate tools to help re-
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questers realize specific purposes, such as new inventions,
innovations and products. Since the crowdsourcing pro-
cess is different because of various crowdsourcing tasks,
certain tools are needed in various crowdsourcing phases.
In the previous part, a general crowdsourcing process is
given. As the process is iterative, some phases can be
realized by the same tool. For example, the review and
the final review phase can be realized by the same tool.
Referring to various crowdsourcing phases, the classifica-
tion of crowdsourcing tools is shown in Table 3.

Table 3 Classification of crowdsourcing tools according to
various crowdsourcing phases

Example of platforms including

Crowdsourcing Functions the tool that realizes the

phases associative function
Idea Idea or solution Quoral48], the category of idea
generation platforms in [8], ideascalel49],
social media like WeChat,
Facebook, Email, etc.
Review Idea evaluation Realized by social media like

WeChat, Facebook, Microblog
Final review
Idea selection

Refinement Vote function realized by most of

the crowdsourcing platforms in [8]

Top ideas

As social media can only realize relatively simple and
independent purposes like idea gathering and comments,
crowdsourcing platforms that integrate various tools are
easier for requesters to use. In addition, crowdsourcing
platforms provide better services for managing mass data
collected from crowds and the requester can achieve
his/her aim with just a few clicks of the mouse. Besides
the aforementioned tools, other tools like an assistive tool
that help the requester to input their needs and evalu-
ation criteria to generate an open crowdsourcing call and
providing rewards to the winning designer are needed as
well.

On a crowdsourcing platform, all these tools work in
sequence to ensure the execution of crowdsourcing pro-
cesses rather than working in isolation. These kind of
crowdsourcing platforms are useful for general simple
tasks, but they seem useless when handling complicated
design tasks.

4 Crowdsourcing technology in PDD

4.1 Research background for crowd-

sourcing PDD

Traditionally, manufacturing SMEs rely heavily on a
skilled, technical and professional workforce to increase
productivity and remain globally competitive. Crowd-
sourcingl’! offers an opportunity for SMEs to get access to
online communities who may provide requested services
such as generating design ideas or problem solutions. Qin
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et al.[3% explored the challenges and opportunities in ad-
opting crowdsourcing in new product development in
manufacturing SMEs and found that crowdsourcing-based
product design and development is interesting to many
SMEs but there are some barriers preventing them from
adopting crowdsourcing into their new product develop-
ment practice. For example, how to achieve good quality
of product design over a crowdsourcing platform is one of
the main concerns for many SMEs. Xu et al.Pll have in-
vestigated a service model for product Innovation design.
Differently, here, we analyse the existing platforms for
designs and explore the possible processes and framework
of crowdsourcing PDD and the necessary techniques and
tools.

4.2 Analysis
designs

of existing platforms for

Among crowdsourcing platforms, those for designs
could be classified into two categories: graphic design
supported and product design supported. The typical
crowdsourcing platforms for graphic designs are
99Designs and crowdSPRING. Taking 99Designs as an
example, it works as follows34: a) Build a design brief; b)
Pick a design package; ¢) Launch the design contest; d)
Receive dozens of designs; e) Give feedback; f) Pick your
favorite and get the full design copyright. On this plat-
form, any internet users who are registered on it can par-
ticipate in the contest and contribute their thoughts and
ideas. crowdSPRING has a similar work process to
99Designs.

Jovoto is an open innovation platform, but it could be
used for product designB33l. Its work process for product
design is: a) project definition; b) brief creation; c) talent
matching; d) project directing & guiding; e) results
presentation; f) transfer of rights. In this process, all par-
ticipants are professional designers. They help the cus-
tomer (the requester who submitted his business goals in
the project definition stage) to create the design brief and

give feedback to the designers to shape their ideas. Jovoto
can support the PDD process, but in the project direct-
ing & guiding stage, it seems that the professional design-
ers evaluate the product designs in a conventional way.

4.3 PDD process on a crowdsourcing plat-
form

Before introducing the crowdsourcing PDD process,
the general PDD process in conventional working envir-
onment is presented first. It starts with identifying cus-
tomer/market needs, establishing product design specific-
ations, conducting product concept design and creating
detailed designs[52l.

Referring to Ulrich and FEppingerl53], a product
concept design process is shown in Fig.3, involving
product concept generation, concept evaluation, selection
and feedback in an iterative form. This design process
starts from market research to identify the customer
needs and then establishes a design brief (or product
design specification (PDS)). Based on the PDS, a wide
range of product concepts can be generated and then
evaluated with reference back to the PDS and even the
customer needs. After that, a design decision is made to
select good concepts for further development in the next
stage, or the discarding of bad ones, or feedback is
provided based on the evaluation to improve the good
concepts. The feedback can be provided to guide the
concept improvement, or even to guide the PDS update.
This is a typical iterative concept development process.
The process does not stop, until otherwise, one or several
concepts are accepted. In this process, the activities of
concept generation, evaluation, selection and feedback are
progressed in a loop and the feedback guides the next
design cycle. In the product concept generation stage, the
designers can perform product concept design individu-
ally or in a collaborative team. After concept evaluation,
the designers can improve their designs referring to feed-
back from the evaluation results.

Identity | .
customer ! Select product |
needs ! concepts |
' | 5
' ! i
Generate Evaluate i i CP;IIE ;f)t tfl:)i
. ! 1
Establish PDS = ggg:ctts ™~ cporrc]’;i:ctts ! : further
P p ' i | development
I 1
1
R |
1
1
% < 5
Evaluation Discard the
feedback concept

Fig. 3 Iterative product design process of consumer product design
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Previous research® 53 found that about 80% of over-
all product quality and up to 70% of the development
cost is committed in the early stages of design for concept
generation and improvement. Thus, in crowdsourcing
PDD processes, more attention should be paid to the
design evaluation and feedback that are not supported
enough by general purposed crowdsourcing platforms.

When designing a specific product on a crowd-
sourcing platform that supports PDD, a team consisting
of crowds with various skills and experience work collab-
oratively. Since product design heavily depends on in-
formation sharing and intermediary results, the crowd-
sourced PDD processes need to put more emphasis on
communication and information sharing, design evalu-
ation and integration with evaluation results during the
design process. The cooperation effectiveness plays a vi-
tal role on the output quality. When PDD is executed on
a crowdsourcing platform, the crowdsourcing-based
product design process is summarized in Fig.4 with refer-
ence to [50, 53]. It indicates the main activities and chal-
lenges during the process.

The steps of the crowdsourcing PDD process are
shown as follows:

S1. The requester (e.g., a design project manager),
defines product design tasks (challenges) through a form
of product design brief (e.g., PDS) or a design challenge
brief and sets the evaluation criteria and crowdsourcing
conditions/terms.

S2. The design challenge is broadcast online via a
crowdsourcing platform and crowds registered on the
platform are invited to perform the product design task.

S3. Once a crowd agrees to take on the product
design task, he or she can work on product concepts indi-
vidually or in a group ongoing formed on the platform.
They can also work either online on the platform or off-
line.

S4. At some points, product concept design results
will be submitted by a individual crowd or a group of
crowds to the platform for evaluation. The concept design
results can be submitted with a concept presentation or
design pitch document to better communicate or explain

S2: Broadcast design task

the designers' ideas or rationales.

S5. Submitted product design concepts will be evalu-
ated via suitable approaches such as automatic evalu-
ation based on machine intelligence or crowdsourcing-
based methods.

S6. After concepts have been evaluated, better design
concepts will be shortlisted based on the evaluation res-
ults and the corresponding evaluation results will be sum-
marized to generate constructive feedback that will be
communicated back to the related designers, thus guid-
ing them to improve their designs and entering the next
loop of the product concept design process.

Referring to Fig.4, in order to involve crowdsourcing
in the PDD process while ensuring better output quality,
the following challenges need to be addressed:

Challenge 1. How to organize a group of crowds and
what measures need to be adopted to ensure the commu-
nication and cooperation among crowds when they work
together on the same product.

Challenge 2. How to support the crowds (or design-
ers in the context) to effectively present their design con-
cepts in order to evaluate them fairly and decrease the
possibility of missing some good concepts or rationales.

Challenge 3. Given a design concept presentation,
how to evaluate it, and what is the best concept evalu-
ation method on a crowdsourcing platform.

Challenge 4. If a design is evaluated by crowds
(design peers, experts and other stakeholders), how to in-
tegrate the evaluation results with weightings from a
large number of crowd evaluators and provide feedback to
the concept designers to improve their design.

4.4 Framework of crowdsourcing PDD
process

The framework of the crowdsourcing PDD process is
transformed from the general one. Compared to the gen-
eral one, the communication and cooperation among the
crowds, the evaluation of product design and feedback
play a more important role in the crowdsourcing process.
The framework is shown in Fig. 5.

S5: Evaluate design
concepts

Challenge 3 g.

Challenge 4

Concepts
evaluation
results

Shortlist better design concepts
and integrate evaluation results

S3: Perform
design task

Challenge 1

Product
design
concepts

Integrated
feedback

!

S4: Submit design concepts
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Fig.4 PDD process on a crowdsourcing platform
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Selected crowds:
Organization structure,
workflow, quality control

Design feedback

Final design

Fig. 5 Crowdsourcing framework for PDD process

Differing to the general crowdsourcing process, the
PPD one pays more attention to design evaluation and
provides feedback to corresponding designers as product
design is an iterative process. Thus, the techniques for
communication and information sharing, product design
evaluation and the integration of evaluation results need
to be investigated.

4.4.1 Communication and information sharing

Communication and information sharing play an im-
portant role in a crowdsourcing PDD process, which is
also demonstrated to be important to virtual manufactur-
ing and collaborative designl®¢l. In the process, all parti-
cipating crowds must be well-organized so that they could
collaborate effectively. Recently, Gray et al.l’? argued
that social interaction is a basic need for human beings
and this social need must be fully addressed by crowd-
sourcing platforms. Their research findings indicated the
inevitability of collaboration among crowds®: 59 and the
significance of combining collaboration with
sourcing workflows.

crowd-

PDD processes always involve multiple stages, which
need to be completed by distributed teams or individuals
with professional skills and experience. However, the dis-
tributed crowds have always faced with challenges in cul-

tural differences and coordinationl6l. Effective communica-
tion approaches could enable crowds to spend less time
understanding their tasks and improve the work effi-
ciency.

In order to improve communication and work output
in expert crowdsourcing, Alex et al.f0 investigated a
structured handoff method where participants were asked
in live (live conference and screen share are used) and re-
corded scenarios (short screen capture video with voi-
ceover) respectively. Their experiments indicated that
higher work quality could result and the adherence to the
original intent could be increased by the structured han-
doff approach. Since crowds are located at various places
and they are not available to participant in the task at
any time, the structured handoff may be useful for them
to know the working process.

Generally, discussion forums, blogs and microblogs
(e.g., SinaWeibol6l]) are commonly used by crowds as
their communication medium, which is not real-time and
may lead to some delays. Also, such kind of communica-
tion is not suitable in a large scalel62 63, Social media, like
Facebook, Twitter and WeChat, are real-time, but they
only support the sharing of information and asynchron-
ous edition of documents. In order to satisfy the increas-
ing need of synchronous collaboration, tencent instant
messenger (TIM) is developed as a free cloud-based and
platform independent office software that not only sup-
ports instant messaging and the synchronous edition of
simple documents, such as Word and Excel, but also in-
tegrates social interaction functions. However, when it is
applied to product design and development, the platform
can only support the sharing of documents in various
formats, but it is inconvenient for users to view and edit
them unless corresponding software or tool is installed.
4.4.2 Product design evaluation

Product concept evaluation is an important activity in
the PDD process(64 65, Traditionally, firms depend on
their internal designers to review and evaluate design
concepts. Better design concepts can be selected with in-
ternal designer's design knowledge and experience.
However, this activity usually involves a small number of
product concepts, thus when the number of concepts is
increased dramatically in a crowdsourcing environment, it
may be time-consuming and needs alternative ways to do
it.

In order to evaluate concepts more efficiently, a lot of
automatic approaches have been developed to perform
this task by utilizing the indicators and judgement pro-
posed by designers. These approaches could be classified
into two categories: numerical and non-numericall62; 64, 65],
Non-numerical methods are simple and graphics-based,
and they are easy to use to select design concepts.
However, these approaches cannot effectively deal with
uncertain, vague and subjective judgement from decision
makers. As for numerical approaches[57-60, 66-68] they
could support both quantitative and qualitative judge-
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ment of design criteria. One limitation of these methods
is that it is difficult to quantify the design criteria and in-
dicators accurately during early design stages.

Until now, little research has focused on design con-
cepts evaluation in the context of crowdsourcing. Chang
and Chenl® 6] were the first to address this problem.
However, their research only focused on the data-mining
based approach. In their research(?8l, domain ontology is
adopted to hierarchically represent the types, properties
and interrelationships of design concepts in order to bet-
ter support the selection of promising design concepts.
Differently, Qi et al.[¥ focused on presenting product
design information with extensible markup language
(XML), thus enabling the data integration, sharing and
exchange in later design stages. The structured represent-
ation of product design concepts can effectively decrease
the time used on understanding and evaluating the design
concepts.

4.4.3 Integration of evaluation results

After evaluating product designs, these designs can be
ranked according to their scores obtained in the design
evaluation phase, thus a list of top designs can be selec-
ted. For the shortlisted concepts from the selection pro-
cess, summarized feedback from evaluation results needs
to be provided to the corresponding designers for further
refinement and development. The feedback can motivate
designers and improve productivity. The feedback to de-
signers might be provided for future engagement and bet-
ter interaction. Content of feedback can comnsist of four
different categories’!: descriptive, effective, evaluative
and motivational. Each category has a specific purpose.

After evaluation, the obtained evaluation results need
to be integrated under the four categories before they are
prepared for feeding back to the designers. However, how
to summarize concept evaluations from various evaluat-
ors in different media forms into a brief and clear feed-
back statement is a big challenge. Jackson[™ provides a
method called Sticky Notes for summarization of large
numbers of comments and for small numbers of com-
ments (say 50 or less), he suggests to use MS Excel to or-
ganize them into categories. Besides, text clustering
methods maybe useful. For example, Ma et al.[®¥ pro-
posed two models to group comments into topic clusters
and yield better intra-cluster topic cohesion.

For crowdsourcing applications, there is a lot of re-
search about how to produce high-quality feedback. For
instance, Hui et al.l"¥ have adopted techniques including
anonymity and communal efforts to improve the quality
of feedback from crowds. In order to address superficial
and disorganized feedback(™ 76 from unknown members,
previous workl[”” 78 has also created tools to support
structured feedback online. During the product design
process, if evaluation results and the corresponding feed-
back are well-structured, it is more helpful for designers
to improve their designs.

@ Springer

4.4.4 Quality control techniques

The emphases of crowdsourcing PDD process have
higher requirement for workflow management that en-
sure the fluent execution of the crowdsourcing process.

Based on [31, 40, 45, 79-81], we summarize the factors
that influence product design quality in Fig.6. It is clear
that the final design quality is affected by the generated
product concept’s quality and enhancement quality. The
product concept’s enhancement quality is ensured by
product design evaluation and feedback. The integrated
feedback can enhance the generated concepts and pro-
mote the design process to the next loop.

Product design quality

Generated product
concepts quality

Product concepts
enhancement quality

o
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Fig. 6 Factors influencing product design quality

Besides the aforementioned quality control techniques,
the design evaluation and feedback techniques influence
the design quality as well. The existing techniques for
these aspects have been presented previously. But in the
context of crowdsourcing, new techniques need to be ex-
plored in order to address the challenges.

4.5 Tools needed in crowdsourcing PDD
process

4.5.1 Collaborative design tool

In PDD, design is generally performed by a team of
professional designers located in different places, thus a
collaborative design tool needs to be provided to help
them work together and monitor the design process and
progression. The tool provides a virtual workspace for the
crowds in a team.
4.5.2 Design presentation tool

When the design is finished, it needs to be submitted
to the platform for later evaluation. The evaluation res-
ults will be in feedback for further refinement and im-
provement. In order to describe the product design briefly
and clearly, the tool should generate a presentation file
by integrating together the common file formats, such as
jpg, txt, audio and flash.
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4.5.3 Design evaluation tool

After submitting the design presentation file, it is
ready for later evaluation. It will be sent together with
the evaluation criteria to proper crowds for assessment.
The tool will generate an evaluation template with refer-
ence to product design specifications and even user needs,
crowds only need to fill their evaluation results in the
evaluation template, and then submit their evaluation
results.
4.5.4 Integration tool of evaluation results

The integration tool can extract and classify evalu-
ation results into various categories, thus reduce the
heavy burdens of the designers from reviewing large num-
bers of evaluation results from the crowds.

4.6 Assessment of crowdsourcing PDD
process

In order to measure the effectiveness of involving
crowdsourcing in the PDD process, the product design
obtained on a crowdsourcing PDD platform will be com-
pared to the one accomplished by traditional methods in
terms of cost, time duration, performance, ergonomics,
aesthetics, safety, reliability, etc.

5 Discussion and conclusions

This paper analyzes the framework, platform, tools
and techniques used in crowdsourcing processes in terms
of open call generation, rewards, crowd qualification for
working, organization structure of crowds, solution evalu-
ation, workflow and quality control. Here, we propose a
framework for applying crowdsourcing in the PDD pro-
cess and investigate what techniques and tools are needed
in the process while indicating the main challenges.
Mainly, collaborative product design in virtual environ-
ment, communication and information sharing, design
evaluation and feedback generation by integrating evalu-
ation results are four key challenges in the PDD process.

Although specific tools supporting functions similar to
activities in product design process, such as communica-
tion, have been developed, they are still not well integ-
rated by a crowdsourcing platform to support the activit-
ies of product design and development. Meanwhile, the
successful integration of crowdsourcing and product
design process will offer a possibility for SMEs to get ac-
cess to a large pool of crowds with various skills and ex-
perience, which can effectively overcome their difficulties
on the shortage of skilled employees and related re-
sources. In order to deal with these challenges, a crowd-
sourcing platform that considers all these challenges
needs to be developed. Here, we propose some key
guidelines for the development of such a crowdsourcing-
based collaborative design platform:

1) The platform should be cloud-based. Therefore,
crowds can access, edit and share related documents any-

time and from anywhere. From the cloud-based workflow,
they can make updates in real-time and have a full visib-
ility of their collaborations.

2) The platform should be user-centred. The platform
can guideline the crowds perform tasks including product
design and evaluation, while providing a comfortable and
satisfactory user experience.

3) The platform should integrate a communication
tool that supports both private chats (one to one) and
group meetings while sharing the related design docu-
ments.

4) An assistive design tool or specified design soft-
ware should be provided in order to ensure crowd parti-
cipants can view and edit the design documents.

5) The platform can be integrated with blockchain
technology to ensure the trustworthiness of crowd contri-
butions and effective protection of intellectual property
(IP). Since the crowdsourcing process is open to the
crowds who have been registered on the platform, the IP
protection faces more risks than in traditional environ-
ment. It also benefits the selection of qualified crowds as
all design experience on the platform can be retrieved and
their actual skills and capabilities have been verified by
previous design tasks he/she takes part in.

6) The platform should provide application program-
ming interfaces (APIs) to common social media so that
the platform user could invite his or her trusted friends
with specific capabilities and experience to the platform
to take part in product design activities. If participants
are all trust-based, it is more likely to yield satisfactory
design results.

7) The platform should provide a tool that can help
the crowds evaluate design concepts. As both product
design and the evaluation are subjective activities, it is
hard to judge automatically whether the design satisfies
the design requirements and needs or not. Therefore, a
method combining automatic calculation of quantitative
variables with manual evaluation of qualitative variables
would be a better choice. In the assessment of qualitative
variables, crowds are employed to extract relevant in-
formation about how design requirements and needs are
expressed in the design concept and then assess them.
Then design experts verify the evaluation results.

8) The platform should provide a tool that can classi-
fy evaluation results into different categories according to
evaluation criteria. The evaluation results in the same
category can be analysed by clustering approaches so that
the similar information will be given back to correspond-
ing crowds only once.

Acknowledgements

This work was supported by the China Scholarship
Council and State Key Laboratory of Traction Power at
Southwest Jiaotong University (No. TPL1501). We thank
anonymous reviewers for their helpful comments which

@ Springer



12

International Journal of Automation and Computing 16(1), February 2019

helped to improve the paper.

Open Access

This article is distributed under the terms of the Cre-
ative Commons Attribution 4.0 International License (ht-
tp://creativecommons.org/licenses/by/4.0/), which  per-
mits unrestricted use, distribution, and reproduction in
any medium, provided you give appropriate credit to the
original author(s) and the source, provide a link to the

Creative Commons license, and indicate if changes were

made.
References
(1] E. Simperl. How to use crowdsourcing effectively:

(10]

(11]

(12]

(13]

Guidelines and examples. LIBER Quarterly, vol.25, no.1,
pp. 18-39, 2015. DOI: 10.18352/1q.9948.

Open Innovation Defintion, [Online], Available: https://
www.innoget.com/open-innovation-definition, September
20, 2017.

A. Wichman. Challenges, Crowdsourcing, Citizen Science:
What's the Dfi? [Online]|, Available: https://digital.gov/
2015/12/16/challenges-crowdsourcing-citizen-science-
whats-the-dif/, September 20, 2017.

Citizen Science: Definition, [Online], Available: http://
www.citizensciencecenter.com/citizen-science-definition/,
September 15, 2017.

J. Howe. The rise of crowdsourcing. Wired magazine,
vol. 14, no. 6, pp. 1-4, 2006.

A. Kittur, J. V. Nickerson, M. Bernstein, E. Gerber, A.
Shaw, J. Zimmerman, M. Lease, J. Horton. The future of
crowd work. In Proceedings of the Conference on Com-
puter Supported Cooperative Work, ACM, San Antonio,
USA, pp.1301-1318, 2013. DOI: 10.1145/2441776.
2441923.

X. J. Niu, S. F. Qin. A review of crowdsourcing technology
for product design and development. In Proceedings of the
23rd International Conference on Automation and Com-
puting, IEEE, Huddersfield, UK, 2017. DOI:
10.23919/IConAC.2017.8081981.

Open Innovation & Crowdsourcing Examples, [Online],
Available: https://www.boardofinnovation.com/list-open-
innovation-crowdsourcing-examples/, September 25, 2017.

Cocreate with Your Fans. [Online], Available: https://www.
jovoto.com/cocreate-with-your-fans/, September 26, 2017.

J. Jin, P. Ji, Y. Liu. Prioritising engineering characterist-
ics based on customer online reviews for quality function
deployment. Journal of Engineering Design, vol.25,
no.7-9, pp.303-324, 2014. DOIL: 10.1080/09544828.2014.
984665.

S. N. Pedersen, M. E. Christensen, T. J. Howard. Robust
design requirements specification: A quantitative method
for requirements development using quality loss functions.
Journal of Engineering Design, vol.27, no.8, pp.544-567,
2016. DOI: 10.1080/09544828.2016.1183163.

OpenIDEOQ, [Online], Available: https://challenges.open-
ideo.com, September 26, 2017.

Herox. Where Innovators Come to Compete and Busi-
nesses Come for Solutions, [Online], Available: https://
herox.com/, September 28, 2017.

@ Springer

[14]

15]

[16]

(17]

(18]

(19]

20]

(21]

[22]

23]

(24]

[25]

[26]

(27]

28]

Challenge.gov., [Online], Available: https://www.chal-
lenge.gov/challenge, September 28, 2017.

E.A.T. School Lunch UX Challenge, [Online], Available:
https://lunchux.devpost.com/, September 28, 2017.

H. To. Task assignment in spatial crowdsourcing: chal-
lenges and approaches. In Proceedings of the 3rd ACM
Sigspatial Ph.D. Symposium, ACM, Burlingame, USA,
pp. 1-4, 2016. DOI: 10.1145/3003819.3003820.

R. R. Morris, D. McDuff. Crowdsourcing techniques for af-
fective computing. The Oxford Handbook of Affective
Computing, R. Calvo, S. D'Mello, J. Gratch, A. Kappas,
Eds., Oxford, UK: Oxford University Press, pp.384-394,
2014.

J. Thebault-Spieker, L. G. Terveen, B. Hecht. Avoiding
the south side and the suburbs: The geography of mobile
crowdsourcing markets. In Proceedings of the 18th ACM
Conference on Computer Supported Cooperative Work &
Social Computing, Vancouver, Canada, pp.265-275, 2015.
DOI: 10.1145/2675133.2675278.

H. To, R. Geraldes, C. Shahabi, S. H. Kim, H. Prendinger.
An empirical study of workers’ behavior in spatial crowd-
sourcing. In Proceedings of the 3rd International ACM
SIGMOD Workshop on Managing and Mining Enriched
Geo-spatial Data, San Francisco, USA, 2016. DOI:
10.1145/2948649.2948657.

S. Djelassi, I. Decoopman. Customers’ participation in
product development through crowdsourcing: Issues and
implications. Industrial Marketing Management, vol.42,
no.5, pp.683-692, 2013. DOI: 10.1016/j.indmarman.2013.
05.006.

H. Carpenter. Motivating the crowd to participate in your
innovation initiative. A Guide to Open Innovation and
Crowdsourcing, pp. 76-84, 2011.

H. Simula, T. Ahola. A network perspective on idea and
innovation crowdsourcing in industrial firms. Industrial
Marketing Management, vol.43, no.3, pp.400-408, 2014.
DOLI: 10.1016/j.indmarman.2013.12.008.

W. Mason, D. J. Watts. Financial incentives and the “per-
formance of crowds”. ACM Special Interest Group on
Knowledge Discovery and Data Mining Explorations
Newsletter, vol. 11, no.2, pp.100-108, 2009. DOI: 10.1145/
1809400.1809422.

J. Rogstadius, V. Kostakos, A. Kittur, B. Smus, J. Laredo,
M. Vukovic. An assessment of intrinsic and extrinsic mo-
tivation on task performance in crowdsourcing markets. In
Proceedings of the 5th International AAAI Conference on
Web and Social Media, Barcelona, Spain, pp.17-21, 2011.

J. Howe. Crowdsousrcing: Why the Power of the Crowd is
Driving the Future of Business. New York, USA: Crown
Business, 2009.

L. Von Ahn, L. Dabbish. Designing games with a purpose.
Communications of the ACM, vol.51, no.8, pp.58-67,
2008. DOI: 10.1145/1378704.1378719.

B. Jonathan, Mausam, D. S. Weld. Optimal testing for
crowd workers. In Proceedings of the International Confer-
ence on Autonomous Agents & Multiagent Systems, Inter-
national Foundation for Autonomous Agents and Multia-
gent Systems, Singapore, pp.966-974, 2016.

D. N. Chang, C. H. Chen. Product concept evaluation and
selection using data mining and domain ontology in a
crowdsourcing environment. Advanced Engineering In-
formatics, vol. 29, no. 4, pp.759-774, 2015. DOI: 10.1016/j.


http://dx.doi.org/10.18352/lq.9948
http://www.innoget.com/open-innovation-definition
http://www.innoget.com/open-innovation-definition
https://digital.gov/2015/12/16/challenges-crowdsourcing-citizen-science-whats-the-dif/
https://digital.gov/2015/12/16/challenges-crowdsourcing-citizen-science-whats-the-dif/
https://digital.gov/2015/12/16/challenges-crowdsourcing-citizen-science-whats-the-dif/
http://www.citizensciencecenter.com/citizen-science-definition/
http://www.citizensciencecenter.com/citizen-science-definition/
http://dx.doi.org/10.1145/2441776.2441923
http://dx.doi.org/10.1145/2441776.2441923
http://dx.doi.org/10.23919/IConAC.2017.8081981
http://www.boardofinnovation.com/list-open-innovation-crowdsourcing-examples/
http://www.boardofinnovation.com/list-open-innovation-crowdsourcing-examples/
http://www.jovoto.com/cocreate-with-your-fans/
http://www.jovoto.com/cocreate-with-your-fans/
http://dx.doi.org/10.1080/09544828.2014.984665
http://dx.doi.org/10.1080/09544828.2014.984665
http://dx.doi.org/10.1080/09544828.2016.1183163
http://challenges.openideo.com
http://challenges.openideo.com
http://challenges.openideo.com
http://herox.com/
http://herox.com/
http://www.challenge.gov/challenge
http://www.challenge.gov/challenge
http://www.challenge.gov/challenge
http://lunchux.devpost.com/
http://dx.doi.org/10.1145/3003819.3003820
http://dx.doi.org/10.1145/2675133.2675278
http://dx.doi.org/10.1145/2948649.2948657
http://dx.doi.org/10.1016/j.indmarman.2013.05.006
http://dx.doi.org/10.1016/j.indmarman.2013.05.006
http://dx.doi.org/10.1016/j.indmarman.2013.12.008
http://dx.doi.org/10.1145/1809400.1809422
http://dx.doi.org/10.1145/1809400.1809422
http://dx.doi.org/10.1145/1378704.1378719
http://dx.doi.org/10.1016/j.aei.2015.06.003
http://dx.doi.org/10.18352/lq.9948
http://www.innoget.com/open-innovation-definition
http://www.innoget.com/open-innovation-definition
https://digital.gov/2015/12/16/challenges-crowdsourcing-citizen-science-whats-the-dif/
https://digital.gov/2015/12/16/challenges-crowdsourcing-citizen-science-whats-the-dif/
https://digital.gov/2015/12/16/challenges-crowdsourcing-citizen-science-whats-the-dif/
http://www.citizensciencecenter.com/citizen-science-definition/
http://www.citizensciencecenter.com/citizen-science-definition/
http://dx.doi.org/10.1145/2441776.2441923
http://dx.doi.org/10.1145/2441776.2441923
http://dx.doi.org/10.23919/IConAC.2017.8081981
http://www.boardofinnovation.com/list-open-innovation-crowdsourcing-examples/
http://www.boardofinnovation.com/list-open-innovation-crowdsourcing-examples/
http://www.jovoto.com/cocreate-with-your-fans/
http://www.jovoto.com/cocreate-with-your-fans/
http://dx.doi.org/10.1080/09544828.2014.984665
http://dx.doi.org/10.1080/09544828.2014.984665
http://dx.doi.org/10.1080/09544828.2016.1183163
http://challenges.openideo.com
http://challenges.openideo.com
http://challenges.openideo.com
http://herox.com/
http://herox.com/
http://www.challenge.gov/challenge
http://www.challenge.gov/challenge
http://www.challenge.gov/challenge
http://lunchux.devpost.com/
http://dx.doi.org/10.1145/3003819.3003820
http://dx.doi.org/10.1145/2675133.2675278
http://dx.doi.org/10.1145/2948649.2948657
http://dx.doi.org/10.1016/j.indmarman.2013.05.006
http://dx.doi.org/10.1016/j.indmarman.2013.05.006
http://dx.doi.org/10.1016/j.indmarman.2013.12.008
http://dx.doi.org/10.1145/1809400.1809422
http://dx.doi.org/10.1145/1809400.1809422
http://dx.doi.org/10.1145/1378704.1378719
http://dx.doi.org/10.1016/j.aei.2015.06.003

(29]

(30]

(31]

(32]

37]

(38]

(39]

(40]

(41]

2ei.2015.06.003.

P. G. Ipeirotis, F. Provost, J. Wang. Quality management
on amazon mechanical Turk. In Proceedings of the ACM
SIGKDD Workshop on Human Computation, Washing-
ton DC, USA, pp.64-67, 2010. DOI: 10.1145/1837885.
1837906.

S. Sedhain, S. Sanner, D. Braziunas, L. X. Xie, J.
Christensen. Social collaborative filtering for cold-start re-
commendations. In Proceedings of the 8th ACM Confer-
ence on Recommender Systems, Foster City, USA,
pp-345-348, 2014. DOI: 10.1145/2645710.2645772.

N. Holladay. Achieving quality through teamwork,
[Online], Available: http://www.unice.fr/crookall-
cours/teams/docs/teams%20Achieving%20Quality %20T
hrough%20Teamwork.pdf, August 15, 2017.

J. Pedersen, D. Kocsis, A. Tripathi, A. Tarrell, A.
Weerakoon, N. Tahmasbi, J. Xiong, W. Deng, O. Oh, G. J.
de Vreede. Conceptual foundations of crowdsourcing: A
review of IS research. In Proceedings of the 46th Hawaii
International Conference on System Sciences, IEEE,
Wailea, USA, pp.579-588, 2013. DOI: 10.1109/HICSS.
2013.143.

Quirky, [Online], Available:
#toggle-id-1, September 26, 2017.

99designs, [Online], Available: https://99designs.co.uk/
how-it-works, September 26, 2017.

http://quirky.com/faq/

Jovoto, [Online|, Available: https://www.jovoto.com/cre-
ate-outstanding-products/, September 26, 2017.

T. P. Walter, A. Back. A text mining approach to evalu-
ate submissions to crowdsourcing contests. In Proceedings
of the 46th Hawaii International Conference on System
Sciences, IEEE, Wailea, USA, pp.3109-3118, 2013. DOI:
10.1109/HICSS.2013.64.

T. P. Walter, A. Back. Towards Measuring Crowd-
sourcing Success: An Empirical Study on Effects of Ex-
ternal Factors in Online Idea Contest, [Online], Available:
http://aisel.aisnet.org/cgi/viewcontent.cgi?article=1064
&contextmcis2011, September 26, 2017.

J. Bjork, M. Magnusson. Where do good innovation ideas
come from? Exploring the influence of network connectiv-
ity on innovation idea quality Journal of Product Innova-
tion Management, vol.26, no.6, pp.662-670, 2009. DOI:
10.1111/j.1540-5885.2009.00691.x.

G. Wang, X. M. Liu, W. G. Fan. A knowledge adoption
model based framework for finding helpful user-generated
contents in online communities. In Proceedings of the 32nd
International Conference on Information Systems, Shang-
hai, China, pp.1-11, 2011.

K. Aniket, E. H. Chi, B. Suh. Crowdsourcing user studies
with Mechanical Turk. In Proceedings of the Special In-
terest Group on Computer-Human Interaction Confer-
ence on Human Factors in Computing Systems, ACM,
Florence, Italy, pp.453-456, 2008. DOI: 10.1145/1357054.
1357127.

A. D. Shaw, J. J. Horton, D. L. Chen. Designing incent-
ives for inexpert human raters. In Proceedings of the ACM
Conference on Computer Supported Cooperative Work,
ACM, Hangzhou, China, pp.275-284, 2011. DOI: 10.1145/
1958824.1958865.

A. B. Xu, H. M. Rao, S. P. Dow, B. P. Bailey. A classroom
study of using crowd feedback in the iterative design pro-
cess. In Proceedings of the 18th ACM Conference on Com-
puter Supported Cooperative Work & Social Computing,

[43]

(44]

[45]

[46]

[47]

(48]

(49]

[50]

[51]

52]

(53]

[54]

[55]

[56]

[57]

. Niu et al. / Key Crowdsourcing Technologies for Product Design and Development 13

ACM, Vancouver, Canada, pp.1637-1648, 2015. DOI:
10.1145/2675133.2675140.

P. Dai, J. M. Rzeszotarski, P. Paritosh, E. H. Chi. And
now for something completely different: Improving crowd-
sourcing workflows with micro-diversions. In Proceedings
of the 18th ACM Conference on Computer Supported Co-
operative Work & Social Computing, ACM, Vancouver,
Canada, pp.628-638, 2015. DOI: 10.1145/2675133.
2675260.

P. Dai, Mausam, D. S. Weld. Decision-theoretic control of
crowd-sourced workflows. In Proceedings of the 24th
AAAI Conference on Artificial Intelligence, AAAI, At-
lanta, USA, pp.1168-1174, 2010.

A. Mohammad, B. Benatallah, A. Ignjatovic, H. R. Mota-
hari-Nezhad, E. Bertino, S. Dustdar. Quality control in
crowdsourcing systems: Issues and directions. IEEFE Inter-
net Computing, vol.17, no.2, pp.76-81, 2013. DOLI:
10.1109/MI1C.2013.20.

M. S. Bernstein, G. Little, R. Miller, B. Hartmann, M. S.
Ackerman, D. R. Karger, D. Crowell, D. Crowell. Soylent:
A word processor with a crowd inside. Communications of
the ACM, vol.58, no.8, pp.85-94, 2015. DOI: 10.
1145/2791285.

D. Ofer, O. Shamir. Vox populi: Collecting high-quality la-
bels from a crowd. In Proceedings of the 22nd Annual Con-
ference on Learning Theory, Montreal, Canada, 2009.

What Are the Best Tools for Crowdsourcing Ideas? [On-
line], Available: https://www.quora.com/What-are-the-
best-tools-for-crowdsourcing-idea, February 15, 2018.

Crowdsourcing Tool, [Online], Available: https://ideascale.
com/service/crowdsourcing-tool/, February 15, 2018.

S. F. Qin, D. van der Velde, E. Chatzakis, T. McStea, N.
Smith. Exploring barriers and opportunities in adopting
crowdsourcing based new product development in manu-
facturing SMEs. Chinese Journal of Mechanical Engineer-
ing, vol.29,no. 6, pp. 1052-1066,2016. DOI:10.3901 /CJME.
2016.0808.089.

C. Y. Xu, S. F. Qin, Z. P. Xiao. Crowdsourcing based
product innovation design service model for small-sized
and medium-sized enterprises. In Proceedings of 18th In-
ternational Conference on Automation and Computing,
IEEE, Leicestershire, UK, pp. 1-5, 2012.

Product Design, [Online], Available: https://en.wikipedia.
org/wiki/Product_design, October 20, 2017.

K. Ulrich, S. Eppinger. Product Design and Development.
6th ed. New York, USA: McGraw-Hill Higher Education,
2015.

J. L. Nevins, D. E. Whitney. Concurrent Design of
Products and Processes: A Strategy for the Next Genera-
tion in Manufacturing. New York, USA: McGraw-Hill
Companies, 1989.

Y. L. Tu, S. Q. Xie, R. Y. K. Fung. Product development
cost estimation in mass customization. IEEE Transac-
tions on Engineering Management, vol. 54, no. 1, pp.29-40,
2007. DOI: 10.1109/TEM.2006.889065.

H. P. Shang, Z. X. Zhao. Integration of manufacturing ser-
vices into virtual environments over the Internet. Interna-
tional Journal of Automation and Computing, vol.1, no.1,
pp-89-106, 2004. DOI: 10.1007/s11633-004-0089-3.

M. L. Gray, S. Suri, S. S. Ali, D. Kulkarni. The crowd is a
collaborative network. In Proceedings of the 19th ACM
Conference on Computer-supported Cooperative Work &

@ Springer


http://dx.doi.org/10.1016/j.aei.2015.06.003
http://dx.doi.org/10.1145/1837885.1837906
http://dx.doi.org/10.1145/1837885.1837906
http://dx.doi.org/10.1145/2645710.2645772
http://dx.doi.org/10.1145/2645710.2645772
http://dx.doi.org/10.1145/2645710.2645772
http://dx.doi.org/10.1109/HICSS.2013.143
http://dx.doi.org/10.1109/HICSS.2013.143
http://quirky.com/faq/#toggle-id-1
http://quirky.com/faq/#toggle-id-1
http://99designs.co.uk/how-it-works
http://99designs.co.uk/how-it-works
http://www.jovoto.com/create-outstanding-products/
http://www.jovoto.com/create-outstanding-products/
http://www.jovoto.com/create-outstanding-products/
http://dx.doi.org/10.1109/HICSS.2013.64
http://aisel.aisnet.org/cgi/viewcontent.cgi?article=1064&amp;context=mcis2011
http://aisel.aisnet.org/cgi/viewcontent.cgi?article=1064&amp;context=mcis2011
http://aisel.aisnet.org/cgi/viewcontent.cgi?article=1064&amp;context=mcis2011
http://aisel.aisnet.org/cgi/viewcontent.cgi?article=1064&amp;context=mcis2011
http://dx.doi.org/10.1111/j.1540-5885.2009.00691.x
http://dx.doi.org/10.1145/1357054.1357127
http://dx.doi.org/10.1145/1357054.1357127
http://dx.doi.org/10.1145/1958824.1958865
http://dx.doi.org/10.1145/1958824.1958865
http://dx.doi.org/10.1145/2675133.2675140
http://dx.doi.org/10.1145/2675133.2675140
http://dx.doi.org/10.1145/2675133.2675140
http://dx.doi.org/10.1145/2675133.2675260
http://dx.doi.org/10.1145/2675133.2675260
http://dx.doi.org/10.1109/MIC.2013.20
http://dx.doi.org/10.1145/2791285
http://dx.doi.org/10.1145/2791285
http://www.quora.com/What-are-the-best-tools-for-crowdsourcing-idea
http://www.quora.com/What-are-the-best-tools-for-crowdsourcing-idea
http://ideascale.com/service/crowdsourcing-tool/
http://ideascale.com/service/crowdsourcing-tool/
http://dx.doi.org/10.3901/CJME.2016.0808.089
http://dx.doi.org/10.3901/CJME.2016.0808.089
http://en.wikipedia.org/wiki/Product_design
http://en.wikipedia.org/wiki/Product_design
http://en.wikipedia.org/wiki/Product_design
http://dx.doi.org/10.1109/TEM.2006.889065
http://dx.doi.org/10.1007/s11633-004-0089-3
http://dx.doi.org/10.1016/j.aei.2015.06.003
http://dx.doi.org/10.1145/1837885.1837906
http://dx.doi.org/10.1145/1837885.1837906
http://dx.doi.org/10.1145/2645710.2645772
http://dx.doi.org/10.1145/2645710.2645772
http://dx.doi.org/10.1145/2645710.2645772
http://dx.doi.org/10.1109/HICSS.2013.143
http://dx.doi.org/10.1109/HICSS.2013.143
http://quirky.com/faq/#toggle-id-1
http://quirky.com/faq/#toggle-id-1
http://99designs.co.uk/how-it-works
http://99designs.co.uk/how-it-works
http://www.jovoto.com/create-outstanding-products/
http://www.jovoto.com/create-outstanding-products/
http://www.jovoto.com/create-outstanding-products/
http://dx.doi.org/10.1109/HICSS.2013.64
http://aisel.aisnet.org/cgi/viewcontent.cgi?article=1064&amp;context=mcis2011
http://aisel.aisnet.org/cgi/viewcontent.cgi?article=1064&amp;context=mcis2011
http://aisel.aisnet.org/cgi/viewcontent.cgi?article=1064&amp;context=mcis2011
http://aisel.aisnet.org/cgi/viewcontent.cgi?article=1064&amp;context=mcis2011
http://dx.doi.org/10.1111/j.1540-5885.2009.00691.x
http://dx.doi.org/10.1145/1357054.1357127
http://dx.doi.org/10.1145/1357054.1357127
http://dx.doi.org/10.1145/1958824.1958865
http://dx.doi.org/10.1145/1958824.1958865
http://dx.doi.org/10.1145/2675133.2675140
http://dx.doi.org/10.1145/2675133.2675140
http://dx.doi.org/10.1145/2675133.2675140
http://dx.doi.org/10.1145/2675133.2675260
http://dx.doi.org/10.1145/2675133.2675260
http://dx.doi.org/10.1109/MIC.2013.20
http://dx.doi.org/10.1145/2791285
http://dx.doi.org/10.1145/2791285
http://www.quora.com/What-are-the-best-tools-for-crowdsourcing-idea
http://www.quora.com/What-are-the-best-tools-for-crowdsourcing-idea
http://ideascale.com/service/crowdsourcing-tool/
http://ideascale.com/service/crowdsourcing-tool/
http://dx.doi.org/10.3901/CJME.2016.0808.089
http://dx.doi.org/10.3901/CJME.2016.0808.089
http://en.wikipedia.org/wiki/Product_design
http://en.wikipedia.org/wiki/Product_design
http://en.wikipedia.org/wiki/Product_design
http://dx.doi.org/10.1109/TEM.2006.889065
http://dx.doi.org/10.1007/s11633-004-0089-3

14

[58]

[59]

[60]

(61]

(62]

(63]

[64]

[65]

(66]

(67]

[68]

(69]

[70]

(71]

International Journal of Automation and Computing 16(1), February 2019

Social Computing, ACM, San Francisco, USA, pp.134-
147, 2016. DOI: 10.1115/DETC2002/DTM-34020.

W. Y. Song, X. G. Ming, Z. Y. Wu. An integrated rough
number-based approach to design concept evaluation un-
der subjective environments. Journal of Engineering
Design, vol.24, no.5, pp.320-341, 2013. DOI: 10.1080/
09544828.2012.732994.

Z. Ayag, R. G. Ozdem. An analytic network process-based
approach to concept evaluation in a new product develop-
ment environment. Journal of Engineering Design, vol. 18,
no. 3, pp. 209-226, 2007. DOI: 10.1080,/09544820600752740.

E. Alex, N. Rahmati, N. Zhu. Structured handoffs in ex-
pert crowdsourcing improve communication and work out-
put. In Proceedings of the Adjunct Publication of the 27th
Annual ACM Symposium on User Interface Software and
Technology, ACM, Honolulu, USA, pp.99-100, 2014.

H. P. Zhang, R. Q. Zhang, Y. P. Zhao, B. J. Ma. Big data
modeling and analysis of microblog ecosystem. Interna-
tional Journal of Automation and Computing, vol.11,
no.2, pp. 119-127, 2014. DOI: 10.1007/s11633-014-0774-9.

L. Y. Zhai, L. P. Khoo, Z. W. Zhong. Design concept eval-
uation in product development using rough sets and grey
relation analysis. Expert Systems with Applications,
vol.36, no.3, pp.7072-7079, 2009. DOI: 10.1016/j.eswa.
2008.08.068.

V. Girotto. Collective creativity through a micro-tasks
crowdsourcing approach. In Proceedings of the 19th ACM
Conference on Computer Supported Cooperative Work
and Social Computing Companion, ACM, San Francisco,
USA, pp. 143-146, 2016. DOI: 10.1145/2818052.2874356.

Z. Ayag. An integrated approach to concept evaluation in
a new product development. Journal of Intelligent Manu-
facturing, vol.27, no.5, pp.991-1005, 2016. DOI: 10.1007/
510845-014-0930-7.

V. Tiwari, P. K. Jain, P. Tandon. Product design concept
evaluation using rough sets and VIKOR method. Ad-
vanced Engineering Informatics, vol.30, no.1, pp.16-25,
2016. DOI: 10.1016/j.a€i.2015.11.005.

Z. Ayag. An integrated approach to evaluating conceptual
design alternatives in a new product development environ-
ment. International Journal of Production Research,
vol. 43, no. 4, pp. 687-713, 2005. DOT: 10.1080,/00207540512
331311831.

H. Z. Huang, R. F. Bo, W. Chen. An integrated computa-
tional intelligence approach to product concept generation
and evaluation. Mechanism and Machine Theory, vol.41,
no.5, pp.567-583, 2006. DOI: 10.1016/j.mechmachtheory.
2005.07.006.

T. L. Saaty. Decision Making with Dependence and Feed-
back: The Analytic Network Process. Pittsburgh, USA:
RWS publications, 1996.

D. N. Chang, C. H. Chen. Exploration of a concept screen-
ing method in a crowdsourcing environment. Moving In-
tegrated Product Development to Service Clouds in the
Global Economy, J. Z. Cha, S. Y. Chou, J. Stjepandic, R.
Curran, W. S. Xu, Eds, Netherlands: IOS Press,
pp-861-870, 2014. DOI: 10.3233/978-1-61499-440-4-861.

W. Qi, Z. W. Ren, Z. F. Guo. XML-based data processing
in network supported collaborative design. International
Journal of Automation and Computing, vol.7, no.3,
pp-330-335, 2010. DOI: 10.1007/s11633-010-0511-y.

K. Gautam. Advanced Methods of Teaching “Feedback”.

@ Springer

(72]

(73]

[74]

[75]

[76]

[77]

(78]

[79]

(80]

Pondicherry University, [Online], Available: https://
www.slideshare.net/gautamkrverma/feedback-33256451,
November 5, 2017.

P. L. Jackson. Getting Design Right: A Systems Ap-
proach. Boca Raton, USA: CRC Press, 2009.

Z.Y. Ma, A. X. Sun, Q. Yuan, G. Cong. Topic-driven
reader comments summarization. In Proceedings of the
21st ACM International Conference on Information and
Knowledge Management, Maui, USA, pp.265-274, 2012.
DOI: 10.1145/2396761.2396798.

J. Hui, A. Glenn, R. Jue, E. Gerber, S. Dow. Using an-
onymity and communal efforts to improve quality of
crowdsourced feedback. In Proceedings of the 3rd AAAI
Conference on Human Computation and Crowdsourcing,
AAAI, San Diego, USA, pp. 72-82. 2015.

A. B. Xu, B. Bailey. What do you think? A case study of
benefit, expectation, and interaction in a large online cri-
tique community. In Proceedings of the ACM Conference
on Computer Supported Cooperative Work, Seattle, USA,
pp-295-304, 2012. DOI: 10.1145/2145204.2145252.

S. Dow, E. Gerber, A. Wong. A pilot study of using crowds
in the classroom. In Proceedings of the SIGCHI Confer-
ence on Human Factors in Computing Systems, ACM,
Paris, France, pp.227-236, 2013. DOI: 10.1145/2470654.
2470686.

A. B. Xu, S. W. Huang, B. Bailey. Voyant: Generating
structured feedback on visual designs using a crowd of
non-experts. In Proceedings of the 17th ACM Conference
on Computer Supported Cooperative Work & Social Com-
puting, ACM, Baltimore, USA, pp.1433-1444, 2014. DOI:
10.1145/2531602.2531604.

K. Luther, A. Pavel, W. Wu, J. L. Tolentino, M.
Agrawala, B. Hartmann, S. P. Dow. CrowdCrit: Crowd-
sourcing and aggregating visual design critique. In Pro-
ceedings of the Companion Publication of the 17th ACM
Conference on Computer Supported Cooperative Work &
Social Computing, Baltimore, USA, pp.21-24, 2014. DOI:
10.1145/2556420.2556788.

S. Salimun, N. Janom, N. H. Arshad. Quality factors of
crowdsourcing system: Paper review. In Proceedings of the
6th IEEE Control and System Graduate Research Col-
loquium, Shah Alam, Malaysia, pp.82-86, 2015. DOI:
10.1109/ICSGRC.2015.7412469.

R. Khazankin, D. Schall, S. Dustdar. Predicting QoS in
scheduled crowdsourcing. Advanced Information Systems
Engineering, J. Ralyte, X. Franch, S. Brinkkemper, S.
Wrycza, Eds., Berlin Heidelberg, Germang: Springer,
2012. DOI: 10.1007/978-3-642-31095-9 30.

R. Alabduljabbar, H. Al-Dossari. A task ontology-based
model for quality control in crowdsourcing systems. In
Proceedings of the International Conference on Research
in Adaptive and Convergent Systems, ACM, Odense, Den-
mark, pp.22-28, 2016. DOI: 10.1145/2987386.2987413.

Xiao-Jing Niu received the B.Eng. and
M. Eng. degrees in computer science from
Northwest A&F University, China in 2013
and 2016, respectively. She is currently a
Ph.D. degree candidate in industrial
design of Department of Northumbria
School of Design, Northumbria University
Newcastle, UK.

Her research interests include human-

— ]
- -~
o, il
B —
S|
-


http://dx.doi.org/10.1115/DETC2002/DTM-34020
http://dx.doi.org/10.1080/09544828.2012.732994
http://dx.doi.org/10.1080/09544828.2012.732994
http://dx.doi.org/10.1080/09544820600752740
http://dx.doi.org/10.1007/s11633-014-0774-9
http://dx.doi.org/10.1016/j.eswa.2008.08.068
http://dx.doi.org/10.1016/j.eswa.2008.08.068
http://dx.doi.org/10.1007/s10845-014-0930-7
http://dx.doi.org/10.1007/s10845-014-0930-7
http://dx.doi.org/10.1016/j.aei.2015.11.005
http://dx.doi.org/10.1080/00207540512331311831
http://dx.doi.org/10.1080/00207540512331311831
http://dx.doi.org/10.1016/j.mechmachtheory.2005.07.006
http://dx.doi.org/10.1016/j.mechmachtheory.2005.07.006
http://dx.doi.org/10.3233/978-1-61499-440-4-861
http://dx.doi.org/10.1007/s11633-010-0511-y
http://www.slideshare.net/gautamkrverma/feedback-33256451
http://www.slideshare.net/gautamkrverma/feedback-33256451
http://dx.doi.org/10.1145/2396761.2396798
http://dx.doi.org/10.1145/2145204.2145252
http://dx.doi.org/10.1145/2470654.2470686
http://dx.doi.org/10.1145/2470654.2470686
http://dx.doi.org/10.1145/2531602.2531604
http://dx.doi.org/10.1145/2556420.2556788
http://dx.doi.org/10.1109/ICSGRC.2015.7412469
http://dx.doi.org/10.1007/978-3-642-31095-9_30
http://dx.doi.org/10.1007/978-3-642-31095-9_30
http://dx.doi.org/10.1145/2987386.2987413
http://dx.doi.org/10.1115/DETC2002/DTM-34020
http://dx.doi.org/10.1080/09544828.2012.732994
http://dx.doi.org/10.1080/09544828.2012.732994
http://dx.doi.org/10.1080/09544820600752740
http://dx.doi.org/10.1007/s11633-014-0774-9
http://dx.doi.org/10.1016/j.eswa.2008.08.068
http://dx.doi.org/10.1016/j.eswa.2008.08.068
http://dx.doi.org/10.1007/s10845-014-0930-7
http://dx.doi.org/10.1007/s10845-014-0930-7
http://dx.doi.org/10.1016/j.aei.2015.11.005
http://dx.doi.org/10.1080/00207540512331311831
http://dx.doi.org/10.1080/00207540512331311831
http://dx.doi.org/10.1016/j.mechmachtheory.2005.07.006
http://dx.doi.org/10.1016/j.mechmachtheory.2005.07.006
http://dx.doi.org/10.3233/978-1-61499-440-4-861
http://dx.doi.org/10.1007/s11633-010-0511-y
http://www.slideshare.net/gautamkrverma/feedback-33256451
http://www.slideshare.net/gautamkrverma/feedback-33256451
http://dx.doi.org/10.1145/2396761.2396798
http://dx.doi.org/10.1145/2145204.2145252
http://dx.doi.org/10.1145/2470654.2470686
http://dx.doi.org/10.1145/2470654.2470686
http://dx.doi.org/10.1145/2531602.2531604
http://dx.doi.org/10.1145/2556420.2556788
http://dx.doi.org/10.1109/ICSGRC.2015.7412469
http://dx.doi.org/10.1007/978-3-642-31095-9_30
http://dx.doi.org/10.1007/978-3-642-31095-9_30
http://dx.doi.org/10.1145/2987386.2987413

X. J. Niu et al. / Key Crowdsourcing Technologies for Product Design and Development 15

computer interaction, computer aided design and machine learn-
ing.

E-mail: xiaojing.niu@northumbria.ac.uk (Corresponding au-
thor)

ORCID iD: 0000-0001-7538-553X

Sheng-Feng Qin received the Ph.D. de-
gree in product design from University of
Wales Institute, UK in 2000. Now, he is a
professor of digital design at Northumbria
University with an extensive career in
design academia. He is a member of IEEE
and the Design Society. He has published
more than 150 papers in journals and con-
ferences and 2 books.

His research interests include computer-aided conceptual
design, sketch-based interface and modeling, interface and inter-
action design, simulation modelling and virtual manufacturing,
smart product and sustainable design, digital design methods
and tools.

E-mail: sheng-feng.qin@northumbria.ac.uk

ORCID iD: 0000-0001-8538-8136

John Vines received the Ph.D. degree in
interaction design for older people from
University of Plymouth, UK in 2010. He is
a professor at Department of Northumbria
School of Design, Northumbria University,
UK.

His research interests include human-
computer interaction, methods and pro-
cesses for participatory, collaborative and

experience-centered design and research, experience-centered se-
curity and privacy.
E-mail: john.vines@northumbria.ac.uk

Rose Wong received the BA degree in
product design from Northumbria Uni-
versity, UK in 2000. She has worked as a
senior lecturer on the Bachelor (Hons) 3D
design and Bachelor (Hons) design for in-
dustry courses at Northumbria University,
UK, and is currently the programme lead-
er on Bachelor (Hons) design for industry
course. Prior to this, she worked as a “De-

B .o g
signer in Residence” at Northumbria University, UK, which op-
erates as an in-house design consultancy employing successful
students graduating from 3D Design. This venture has helped
many of Northumbria University’s Design School graduates be-
come successful freelance designers, demonstrating a nurture of
entrepreneurial skills in our alumni.

Her research interests include in-house design and 3D design.

E-mail: rose.wong@northumbria.ac.uk

Hui Lu received the B.Sc. degree in busi-
ness administration from Zhejiang Uni-
versity, China in 2009, and the M. Sc. de-
gree in operations and supply chain man-
agement from the University of Liverpool,
UK in 2010. Currently, she is an associ-
ated lecturer, research assistant and Ph.D.
degree candidate in business management,
Newcastle Business School, Northumbria

University, UK. She once worked in the Integrated Supply Chain
Department in IBM China for 4 years.

Her research interests include sustainable manufacturing and
supply chain management, process optimal and control, and
technology innovation.

E-mail: h.lu@northumbria.ac.uk

ORCID iD: 0000-0001-9231-6798

@ Springer



