Technical Journal, University of Engineering and Technology (UET) Taxila, Pakistan

Vol. 25 No. 1-2020

ISSN:1813-1786 (Print) 2313-7770 (Online)

Challenges and Their Resolution in Crowdsourcing
Based Team Formation

B.Shahzad', W.Aslam’, A.Tahir’, A.Hameed®, N.Younas’, A.Batool’

134,56

National University of Modern Languages, Islamabad, Pakistan,

* The Islamia University of Bahawalpur, Pakistan.

’wagar.aslam@iub.edu.pk

Abstract- Crowdsourcing in software development is
an emergent sourcing model in which geographically
dispersed people collaborate and cooperate towards
formation of teams for development of software
projects. Teamwork can be successful if hired workers
are professional and they effectively collaborate with
one another, which is a key challenge in
crowdsourcing. So, Team formation is difficult,
especially at a large scale projects. In crowdsourcing
team formation is where the requesters' hire socially
connected workers to work as a team. This paper
discusses the team formation issues in software
crowdsourcing paradigm. This research is carried out
in three steps: systematic literature review (SLR),
survey and expert evaluation. SLR is further detailed as
planning review, process execution review and results.
Through SLR, forty raw challenges were identified,
which were reviewed by experts to select main
challenges. A survey was conducted on the resolution
of'main challenges, taking suggestions about resolution
of the former. The validation of the challenges was
performed on the basis of expert reviews. Through
validation, it was ensured that the identified challenges
had consistent and correct naming conventions and
terminologies within existing state of knowledge.

Keywords- Software Development, Challenges,
Crowdsourcing, Team Formation, Expert Reviews.

I. INTRODUCTION

Crowdsourcing is a method of assigning and
completing an online tasks in which an individual, an
organization, a nonprofit institute, or corporation
proposes to a cluster of individuals of different
knowledge, heterogeneity, and number, via a flexible
open call, the voluntary undertaking of a task [i] and it
is the process in which crowd is engaged
collaboratively to achieve a goal. Crowdsourcing can
be applied across different industries. It is now
convenient for individuals to contribute together in a
project with their ideas, time, expertise or funds due to
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growth of connectivity. This collective scope of
features is crowdsourcing [ii]. It can provide new ideas
and solutions to organizations, more consumer
involvement, opportunities for co-creation,
optimization of tasks and reduced costs. Organizations
are closer to their stakeholders due to the internet and
social media, so new ways of collaboration are
emerging, with promises of value addition. Such an
approach increases the productivity of a company. It
also minimizes labor expenses. It has become an
extremely effective tool due to enhanced involvement
of customers in the company activities [ii]. It has
become a flexible service computing standard,
allowing universal availability of human resources to
the recruiters for tasks completion. Team
crowdsourcing has received greatest interest to deal
with more complex tasks, e.g. software development.
In team crowdsourcing, the recruiter hires a group of
workers that can work together as a team for complex
tasks completion. Team crowdsourcing approach
mainly focuses on hiring professional workers that can
complete each subtask with high-quality. However,
teamwork can be successful if hired workers are
professional and they effectively collaborate with each
other [iii]. So, it is a key challenge to crowdsource a
complex task to a team of professional and
collaborative workers. Crowds formed through online
communities have capabilities to accomplish
complicate tasks. But team formation can be difficult to
coordinate at large scales [iv]. There are various studies
that report the challenges in team formation [i].
Crowdsourcing platforms affect the quality standards
by allowing many unfit and unexperienced workers to
work on the product [v].

Tracking down the term crowdsourcing, the idea has its
roots in a problem known as the “The Longitude
Problem” whose solver was announced an award of
£20,000 by the British Government [vi]. One person,
John Harrison was declared the winner. This is
considered as the first official crowdsourcing example
in the world. In 1936, Toyota invited people to redesign
its logo. Out 0f 27,000 logo entries, one was selected as
the best. This was a remarkable crowdsourcing event



Technical Journal, University of Engineering and Technology (UET) Taxila, Pakistan

Vol. 25 No. 1-2020

ISSN:1813-1786 (Print) 2313-7770 (Online)

with positive results [vi].

Since its inception, crowdsourcing is considered very
effective as it allows workers connect through the
internet without restrictions of boundaries and
nationalities. Nevertheless, it is considered least
manageable when teams and groups need to be created
[vii].

Due to ever increasing efficiency achieved by
crowdsourcing, new trends were set up and even more
effective related techniques were introduced. In 1955, a
contest was held to design the building for Sydney's
Harbor. 233 entries from 32 countries were received,
reflecting popularity of crowdsourcing [vii]. From
2000 to 2006, websites like YouTube or Wikipedia
fanned the flames of crowdsourcing by putting
tremendous efforts in creating databases, online
connections and by managing the teams. In 2006, Jeff
Howe introduced the term crowdsourcing for the first
time. This is where the rise of this term started and
people began noticing the benefits as well as issues in
this field.

As of now, crowdsourcing is an established model of
collaboration [vii]. The success of crowdsourcing
depends on various factors such as communication,
team formation, security and data management.
Section 2 discusses literature review, Section 3
methodology, Section 4 conduct of studies and Section
Sresults. Finally Section 6 presents conclusion.

II. LITERATURE REVIEW

Crowdsourcing is a platform in which workers and
requesters collaborate with each other from different
locations to work on same project. Crowd sourcing is
dealing with many complex challenges which are
crowding platform effects the quality standards by
allowing many unfit and inexperienced workers to
work on the product, security privacy and data
protection, communication issue between clients and
workers, unqualified people, less motivated people and
immature task designs[viii].

Some workers don't want to publicise their personal
information so privacy and protection or their data is a
risk for them. Crowdsourcing should overcome this
challenge.

Many projects fail because of communication gaps
between clients and workers. To achieve the desire
result skilled workers are required but in
crowdsourcing unqualified workers are the reason of
unsuccessful projects. Working with unqualified
workers affects the quality of product. It is difficult for
the organizations to find qualified workers. Some times
because of low benefit workers are unmotivated and
they work according to the price of that project. If
requester is giving fewer amounts for the project than
worker utilize less effort on that project. So, workers
should be motivated to work hard and make projects
successful[ix].
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The study “Team Dating: A Self-Organized Team
Formation Strategy for Collaborative Crowdsourcing”
consider the problems that emerge when online crowds
undertake complex tasks in teams, instead of taking
them individually [iv]. To solve these problems, “team
dating” approach is suggested. Another study proposed
a team formation model based on outsourcing
obligations to social networks (SNs) in an effort to
contract search space for seeded candidates [x]. The
proposed model selects centrality professional listing
to lessen communication cost. A study highlights the
fact that obligations might also impose different talent
requirements on employees, which may lead to
decreased numbers of executed responsibilities in
actual applications [xi]. To alleviate this effect, Team
Orientated Task Planning is proposed, which is likely to
generate sub-optimal but viable plans. The diversity
problem in group formation is explored in many a
work. Given a set of required competencies and a set of
people each one of which has some talents, the idea is to
form a team satisfying the requirements. The mapping
becomes complex when team member variations (e.g.
gender, race, house preferences and financial brackets)
are also considered [xii]. The effect of personality
compatibility on overall performance and individual
perceptions in crowds is studied [xiii]. Using the DISC
character, they made fourteen teams, each five-
characters (N=70) with either a harmonious insurance
of personalities (balanced) or a surplus of chief-type
personalities (imbalanced). A crowdsourcing platform
is presented that supports teamwork based on stories
from a laboratory, focusing on comparison of
traditional online crowdsourcing [xiv]. The described
technique considers collocated work groups.

As compared to using real life networks for formation
of appropriate teams, using SNs is non-trivial. The
problem spans over fee elements and conversation
overhead, while the related solutions are based on
standards that hinder achieving balance between trade-
offs. A suggestion is to undertake an empirical study to
deeply probe into the finding the influencing factors
[xv]. Crowdsourcing is leveraged on connections in
SNs [xvi]. A method should be based on realistic
capabilities of team members so as to achieve some
goal optimally. One of many situations that can arise in
online SNs is when connected people do not cooperate
[xvii]. The suggestion is to increase connection base to
increase chances of cooperation.

Interaction patterns between team members have
impact on team performance [xviii]. For instance,
relational clashes lower coordination. Sometimes
cultural diversity affects team potency. A relevant study
can inspect such differences towards identifying
structures for strengthening the overall performance.
Crowd-management has a vital role in success of
crowds. It is affected by lack of operational help, which
includes understanding data sources and setting up
of subordinate intercession systems [Xix].
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A coordinated view yields operationally usable
models. A survey is reported about crowdsourcing with
initiative and proprietorship, attribution, coordination
and strife [xx]. Lack of cooperation between team
members can result in big issues thus impeding the
group development process. There are ways to deal
with such issues [xxi]. It is appropriate assess the
intelligence level of crowds. To this end, an incentive
based study was undertaken wherein business
assignments based on commercial centers data was
used [xxii]. Prizes were offered to resultant specialists.
Task assignment to team members is challenging. Its
optimization should be objective with an overall view.
In general, coordinated task assignment is overlooked,
thus suboptimal solution space emerges. To address
this issue, coordinated effort is formalized towards
comprehension of the problem extent [xxiii]. Another
incentive based approach motivates team members to
report their abilities honestly [xxiv]. Overheads due to
incentives increase system maintenance costs.
Nonetheless, it allows deep understanding of system.
On the lines of better understanding optimization in
task assignment, a framework is introduced to optimize
the task assignment within the knowledge-intensive
crowdsourcing (KI-C) [xxv]. A contributory work
simulates situations to understand the advantage
gained by avoiding conflicts in task assignment [xxvi].
It is also pointed out that problem prevention is itself
not polynomial complete. Mutual cohesion and trust
enhances the overall performance of a project
undertaken and completed by teams [xxvii]. Similarly a
Game Theoretical model identifies the need of trust to
increase benefits [xxviii]. In such approaches, the
emphasis is on honest opinions whenever sought. A
downside of these types of approaches appears when
the participation is low so that solution resultant due to
system convergence is premature [xxix]. As a case
study of team formation, eSports helps in both
confirmation as well as augmenting the present
theories. [xxx]. While making teams using connections
in SNs, it is realistic to assume members have a
disparity in abilities as well as that the incoming flows
of'tasks are unknown and unanticipated [xxxi]. Given a
team, the goal is handle tasks. This is in contrast to
static situations when teams are formed objectively to
handle tasks. More realistic is this dynamic situation
which reflects the change over time the connections in
SNs, a frequent and well observed behavior [xxxi].
Teams can be formed on the competition model,
wherein costs are minimized during crowdsourcing
competitions [xxxii]. Team members are randomly
assigned to one of the permanent teams, while teams
compete against one another for monetary prizes.

A case study of boarding time is done in context of
crowdsourcing. A statistical analysis of usual boarding
sets the benchmark, which is compared to online
crowd-sourced boarding. Issues such as task category,
task duration and task country are studied [xxxiii]. A
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system “Huddler” is proposed to enable crowd
meetings, even under random accessibility and
inflexible time limitations [xxxiv]. With Huddler,
crowd employees can align themselves with any
number of teams and ask for a suitable team when they
are able to accept a task. Another crowdsourcing
framework is proposed for automatic discovery of sub-
crowd to enhance information excellence within the
information gathering process [xxxv]. The discovery is
based on attributed of workers such as gender,
education level, nationality and major etc., or even
personality test score and some other screening
measures. Another work focuses on understanding and
considering cultural differences to mitigate differences
between team members, thus steering objectives
towards acceptability of cultures in “Global Virtual
Teams” [xxxvi]. This approach develops knowledge of
national civilizations and their effects on utilization
their strengths effectively. However, little work is done
in implementation of these objectives in tools. The
problem of team formation in SNs and its related issues
are also addressed using the densest sub-graph
approach [xxxvii]. The method allows modeling of
many practical requirements such as addition of a
chosen group leader or a group of selected
professionals, constraining cost and consideration of
team's geographical locality. For non-cooperative SN,
characterized by selfish behaviors, negotiations allow
trade-offs [xxxviii]. This type of SNs is considered to
reflect realistically the real world and operate in a
distributed manner in contrast to central manner.
Another aspect to consider for team formation is the
team size [xxxix]. It has a direct impact on
performance. It has been pointed out that a thoroughly
coordinated team compensates for negativity due to
social loafing. there is also an trust issue when forming
a team for crowdsourcing that companies may feel that
the formulated team may cheat and exploit which may
result compromising the reputation of company, so
trust issue is also a challenge faced by companies while
formation of team in the process of crowed sourcing
[ii]. Sometimes the team selected for crowdsourcing
may have dissimilar levels of expertise which are
sometimes not enough for doing specific tasks [x1]. The
presented works signifies the role of team formation in
professional environments. Collaborations to complete
a project do not come easy and there is no notion of an
ideal team formation. As of now, there is a lack of a
systematic study that identifies challenges that arise
during team formation in crowdsourcing. This work is a
step towards fulfilment of this gap. Highlighting these
challenges leverage methods to deal with them
appropriately and enable Managers and recruiters to
estimate resources and predict progress a priori. Thus
optimal solutions are possible. Specifically, our
research questions are:

Rq1: What are different challenges in crowdsourcing
with respect to team formation?
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Rq2: How to resolve the challenges in team formation
in crowdsourcing?

III. METHODOLOGY

The main objective of our research is to Investigate
Challenges and their Resolution in Crowd sourced
Team Formation. The purpose of SLR in this research is
to extend its three phases: review planning, review
conduction and review reporting.

7 ™\
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Fig. 1: The steps taken to conduct our study. SLR and
ER stand for Systematic Literature Review and
Expert Review, respectively.

In SLR papers are selected and critically analyzed
according to a well-defined protocol. We performed
SLR to identify the challenges related to team
formation process in crowdsourcing, following the
approach of Kitchenham [xli]. The purpose of SLR in
this research is to extend its three phases: review
planning, review conduction and review reporting. The
schematic of the steps taken in our work are shown in
Fig. 1. First of all review planning is done to find
challenges related to team formation process in
crowdsourcing. For searching journal papers,
conference papers and published theses of our interest,
we used following search strings: “team formation
related challenges in crowdsourcing environment”,
“challenges in team formation in crowdsourcing”,
“challenges in crowdsourced team formation” ,
“crowdsourced team formation” and “team formation
in crowdsourcing” [x]. Sources of four high quality
publishers, listed in Table I were used for search within
the period 2011 to 2018. Selection of this period is due
to recent increasing trend of crowdsourcing and
reporting of associated issues. Some 100 papers were
initially shortlisted and later the filters were applied on
the selections. The filters covered the time, relevance,
trustworthiness with the search terms. Finally 23
papers were selected to conduct the SLR.

Table I: Searched Sources.

Data Base URL

IEEE https://ieeexplore.ieee.org/Xplore
ACM https://www.acm.org

Science Direct | https://www.sciencedirect.com
Springer https://www.springer.com
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The criterion of selecting the papers is discussed next.
We applied exclusion criterion first, which is defined
by those papers which consist only table of contents
and whose titles, keywords and abstracts don't match
our topic. Next we applied inclusion criterion, which is
defined by those papers which discuss team formation
related challenges in crowdsourcing. We checked title,
keywords and abstract for relevance to our topic. The
outcome of inclusion/exclusion stage passes through
the quality assessment stage (QAS). During QAS, a
checklist is generated using the guidelines given by
Kitchenham [xli]. The scale for quality measurement
was also taken from the same work. It measures high
score as 1 ('yes'), medium score as 0.5 and low score as
0. Papers with high score were selected.

In data extraction strategy, data is extracted from finally
selected papers along with their summaries. With the
help of collected data, we are able to answer the
question: What are different types of team formation
related challenges in crowd sourcing? Once the
challenges are identified, a survey has been conducted
to identify challenges regarding team formation in
crowd sourcing. They are forwarded to experts for
evaluation [xlii], [xliii]. The first step in expert
evaluation is making a selection criterion for experts.
The second step is selection of experts. Next experts are
familiarized with issues and their responses collected,
followed by presentation of results. The experts in our
case are Software Engineers, for which we sampled
students and teachers of Computer Science and related
disciplines due to ease of access to them. After selection
of experts, a list of identified challenges is given to
them for their intellectual advice regarding naming
conventions, terminologies, and suggestions for any
new challenges. Once the reviewed lists of challenges
are finalized, the survey was conducted according to
the recommendation given by Kasunic [xliv]. In his
publication by Software Engineering Institute (SEI).
These recommendations are followed due to their
seminal value. Survey research is a popular data
gathering mode. It is featured by the questionnaire set
for the purpose.

IV. CONDUCT OF STUDIES

SLR was conducted for identifying different type
of challenges faced in team formation in
crowdsourcing. After conducting SLR, expert review
(ER) through survery was conducted to identify
challenges regarding team formation in
crowdsourcing. The same were forwarded for further
evaluation. In SLR, papers satisfying
inclusion/exclusion criteria were assigned unique IDs,
which are shown in Appendix I. For ER, two experts
were contacted. They reviewed the work for conflicts,
suggested proper and professional wording of conflicts
and removed unwanted data. Appendix II shows the
comments of experts regarding challenges.
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After the conduction of SLR and ER, we formed
questionnaires similar to the work of Kasunic [xliv].

V. RESULTS

The determined challenges are presented in this
section, along with industry recommended solutions.
The skills of team members can be identified by:

1. The knowledge that his/her is sharing and
performance on a particular task.
2. Through communication that indicates about
abilities for appropriate placement in groups.
3. Participation with other team members for small
group tasks for awareness of skills, which leverage
better placement for large group tasks.
Monitoring the progress of tasks assigned to them.
Their previous experience.
Engaging them in different problems.
Getting feedback from colleagues.
The quality of the work done.
Feelings of exploitation and being cheated that
may jeopardize their success.
10. The selected team may have different expertise
than needed for a specific task.
These above listed aspects help in identification of
skills of team members. By focusing on these aspects,
related issues can be resolved. Planning issues can be
resolved by managing time, budget, cost and workers.
By planning, proper resources for each task can be
allocated. Budgeting and forecasting skills can help in
minimizing the planning issues. In case of budget
constraints, interns and volunteers can be hired.
Communication issue can be resolved through
openness. Openness means self-disclose when
appropriate. Openness also includes a willingness to
listen openly and to react honestly to the messages of
others. Workers must listen mindfully and respond
spontaneously with appropriate honesty [iii]. As
explained earlier, feelings of exploitation and being
cheated can be resolved with better communication and
openness [x1]. Challenge of individualism can be
solved by involving everyone in the decision making
process, by communicating with the team, having team
building activities, by giving powers of self-
management to the team following some process like
Agile, by giving confidence and ownership, most
importantly trusting workers --- also equally important
are explaining the end goal and raising awareness about
its importance, reducing communication gap and
avoiding forceful decisions. The challenge of
schedules can be solved by making realistic schedules.
The challenge of varying team size can be tackled by
making small teams, e.g. team size of maximum five
members. The challenge of quality can be solved by
hiring only skilled workers. In short, team formation
challenges in crowdsourcing can be resolved by
reducing communication gap, by clearly defining
tasks, checking on information gathered through
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crowdsourcing, carrying out such activities which
improves confidence, making workers comfortable for
performance boost, emphasizing on problem solving
approach, offering a friendly environment, listening
and valuing opinions, redefining hiring processes,
adjusting criteria of resource usage evaluation, forming
teams of people with different skills etc.[x1v-lix].

VI. CONCLUSION

Team formation in crowdsourcing is difficult to
manage. It is analyzed that different kinds of challenges
are faced during/after team formation in
crowdsourcing. This study was about appropriate
resolution of these challenges. Challenges were
identified by deep observation, SLR and ERs. By using
the methods mentioned here, numerous challenges in
team formation in a crowdsourcing environment were
identified. The mitigation strategy for the identified
challenges has also been proposed to deal with the
challenges. It is expected that the proposed mitigation
strategies are capable to deal with the identified
challenges.

VII. FUTURE WORK

Team formation in crowdsourcing is not trivial. We
identified challenges in this process and gave expert
opinion to deal with them. In future we plan to prioritize
these challenges according to their urgency and
criticality. We also consider interesting to study the
inter-dependency of challenges.
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1. Challenges: Cultural issues, interpersonal
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Comments: Experts suggest proper naming of
communication challenges.
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6. Challenges: To design a proper mechanism such that
the crowds help to give correct information, to deal
with low participation of crowd members that is an
obstacle to the use of crowdsourcing, team-based
coordination infeasibility, unavailability of team
members.
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