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Crowdsourcing is a prominent paradigm within the modern digital business. 
More and more businesses are opting for this business model to drive their 
operations. With the emergence of this trend and the flourishing of its 
applications and activities, the need for customised quality control became 
evident. Currently, crowdsourcing platforms rely mainly on remote work over the 
internet.  There exist a plethora of techniques to control the quality within 
crowdsourcing platforms. However, these techniques are situational and 
depend on the task at hand.  
 
The presented work examines these quality control techniques to select the 
best result-yielding ones. The selected techniques are evaluated and their 
application is examined within the practical setting of the author‘s current 
employer. The evaluation is reflect on to conclude the outcomes of the research 
and propose the basis for integrated quality assurance strategy.   
 
To examine the selected techniques, the research carried out a survey targeting 
a selected population representing different target groups involved in 
crowdsourcing-reliant projects. The survey‘s questionnaire included quantitative 
questions as well as open-ended qualitative ones. After the answers to the 
survey were received, the results were analysed quantitatively and qualitatively.  
 
The results showed the importance of quality control in crowdsourcing projects; 
and that the techniques used are situational and depend on the stage of the 
crowdsourcing project they are applied to by the people involved. The results, 
however, provided insight into an integrated strategy that can build quality 
assurance within a whole crowdsourcing operation. The presented work sets 
the basis for this strategy.  
 

 

Keywords: crowdsourcing, crowdsourcing platform, quality control, quality 
model, quality assurance, crowd, computational, compensation, review, 
feedback, effective communication, community management, task description.  
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1 INTRODUCTION 

 

 

Crowdsourcing platforms are becoming an omnipresent paradigm in today‘s 

business. With the rise of global businesses and the need of international talent 

for different projects; the need for crowdsourcing became evident and the 

practices within this paradigm flourished. The term crowdsourcing is a relatively 

young concept; it describes a web-based business model that relies on the 

involvement and innovation of different individuals in a distributed network 

(Souza et al., 2009). Crowdsourcing effectively takes advantage of the fact that 

some tasks are relatively easier to perform by humans rather than computers; 

profiting from the creative capabilities of the involved subjects as well as from 

today‘s abundant communication channels. It helps modern businesses cut on 

costs, improve productivity, widen the skill and talent pool, reduce training 

efforts and take advantage of customised skills for building task-targeted teams 

(Benatallah et al., 2013). However, the distributed and the open nature of such 

systems open the door for multiple challenges and risks. Dealing with these 

challenges is among the most active research fields within this paradigm. The 

most prominent challenge of the lot is quality control. With the diversity of the 

talent pool, the abundance of candidates and the variety of their skill levels; 

controlling the quality of what is produced in crowdsourcing platforms is a 

necessity. Project managers strive to set up effective quality control measures 

to ensure that the end product meets the requirements while still taking 

advantage of the perks of the crowdsourcing paradigm. Within this context, this 

research takes place. Working for the past couple of years on developing 

crowdsourcing systems and dealing closely with production teams responsible 

for running such systems; helped the author get familiar with the field and set up 

a solid background for the research. 

The motivation behind this research is a personal one that comes from the 

author‘s interest in the subject, the continuous contact with crowdsourcing 

systems and the emergence of this trend within the modern business. In 

addition, the author‘s engineering background and previous experiences with 

artificial intelligence systems increased the interest in crowdsourcing as the two 

concepts are undoubtedly associated.   
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1.1 Problem definition 

 

With the increase of interest in crowdsourcing systems and the benefits such 

systems provide, emerged the need for quality control measures. The need for 

ensuring that data, tasks and processes resulting from crowdsourcing collective 

creative effort made quality control one of the main focuses when designing and 

executing projects relying on this business model. The proposed research lies 

within this context and takes as basis the expertise and the familiarity of the 

author with developing and dealing with such systems. The author‘s current 

employer, Lionbridge Tampere Oy, within its Artificial Intelligence unit provides 

a portfolio of services relying primarily on the crowdsourcing paradigm. To drive 

projects, production teams rely on crowdsourcing and data outsourcing 

(Lionbridge AI, 2020) and on specifically designed tools developed in-house. 

One of the author‘s current tasks as a senior system engineer within this unit is 

to develop and maintain the later mentioned designed tools; providing project 

and task-specific systems that are aimed to be used by a globally distributed 

talent pool. The proposed research builds up on this basis. Combined with the 

technical knowledge, managerial skills were learnt and applied to evaluate and 

assess quality control measures within this portfolio.  

 

The aim of the research is to examine the different approaches and the state-of-

the-art techniques used for quality control in crowdsourcing platforms, evaluate 

the best result-yielding ones and examine the way they are applied within the 

author‘s employer‘s line of work and using the available resources from the 

company portfolio and experience. 

The need of such research draws from the vitality of ensuring the desired 

quality in the services the company provides; which, in turns, ensures customer 

satisfaction i.e. is one of the most strived for and among the main defining 

characters for the company. The research questions the current work answers 

are formulated as follows:  

● What are the best result-yielding quality control techniques in 

crowdsourcing platforms? 

● How are these techniques evaluated and applied? 
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1.2 Method statement 

 

The research starts by covering the state-of-the-art literature on the subject and 

examining the different approaches of quality control in crowdsourcing. This 

covers the basic aspect of the research and lays basis to the applied research 

aspects where the most used techniques are selected to be examined. The 

techniques are evaluated in terms of their application within the context of the 

company‘s portfolio, resources and general experience. The applied research 

aspect of the presented work relies on quantitative and qualitative research 

designs. The quantitative research is carried out by designing a custom survey 

that evaluates the use of a selected set of quality components by a selected 

population representing the employees of the company working on 

crowdsourcing projects. The data is then collected and reflect on to come up 

with a list of outcomes and possible improvements.  The qualitative research is 

carried out next drawing conclusion on the non-numerical qualitative 

components of the survey. The results are then analysed quantitatively using 

statistical analysis combined with relational analysis to draw extra conclusions; 

and qualitatively using content analysis. The research concludes by 

synthesizing the outcomes and setting a basis upon which an integrated quality 

assurance strategy can be established. 

 

 

1.3 Relevant company background 

 

Briefly and covering the relevant aspect of the company the research is 

targeting, Lionbridge is a language service provider bringing ―fast, scalable, 

high-quality language and AI services‖ to its customers (Lionbridge, 2020a). 

The company offers a wide range of services to customers, globally. Its services 

include: Content services (Technical writing, Training and e-learning, Financial 

Reporting, Multicultural marketing etc.), Translation services (natural language 

translation, Software localisation, Linguistic quality assurance etc.), Testing 

services (Functional, Compatibility, Interoperability, Performance and 

Accessibility testing), and last but not least Artificial Intelligence (AI) services, 

which are the most relevant services for this research (Lionbridge, 2020b).  The 

company has adapted in recent years to the emerging Artificial intelligence and 
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language services market demand and mainly shifted its activities towards 

catering to this trend. In the Lionbridge Tampere branch, the dominant activities 

are related to providing AI services. The company relies on its strong 

community of resources to carry customer projects (Lionbridge, 2020a). In the 

context of Artificial Intelligence, projects rely heavily on human-created created 

data and carried tasks (Eskenazi, 2013). Data and tasks that depend on a 

variety of criteria and on the purpose of the system that is being developed for 

and on the project general requirements. Crowdsourcing is a strategic choice to 

accommodate for such a varied range of criteria.  

 

The presented work relies on examining the quality assurance measures 

applied within this crowdsourcing strategy. The crowdsourcing operations of the 

company are based on a talent pool of over one million crowd workers who take 

part in different content processing, creation and evaluation tasks (Lionbridge, 

2020b). The flow of the operations is simplified as follows (Lionbridge, 2020c).  

 

 

 

 

 

 

 

 

 

 

 

 

Register 

Take task skill tests 

Receive task 

Complete task 

Get reimbursed 

FIGURE 1. Lionbridge crowdsourcing flow 
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1.4 Research outline 

 

The research shall start by examining the state-of-the art literature on 

crowdsourcing, quality in crowdsourcing and the quality control techniques. This 

sets the theoretical framework upon which the research is built and covers the 

basic research.  

 

The next chapter shall explain the methodology of the research covering used 

the quantitative and qualitative designs.  The chapter then shall cover the 

different aspects related to the design of the survey detailing the types of 

questions used and their aim, the sampling and target groups, the methods 

used to collect data, and the error correction methods. Then, I shall detail the 

methods used to analyse the data.  

 

The research shall then analyse the results of the survey, reflect on the results 

in light of the theoretical framework and draw the main outcomes. Next, the 

outcomes shall be synthesised in the form of the basic components of an 

integrated quality assurance strategy.  

 

The research shall conclude by a summary and general reflection as well as 

future work and research limitations.  
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2 QUALITY ASSURANCE IN CROWDSOURCING PLATFORMS 

 

 

In the next section the research shall elicit literature relevant to the vision, 

general direction and scope of the topic at hand. The aim is to define the basic 

concepts related to quality assurance in crowdsourcing platforms as well as 

presenting the techniques most use the in discipline and how they contribute to 

making the practice successful and worthwhile. Ultimately setting up the 

theoretical framework upon which the research based its methodology. 

Literature is approached in a pragmatic manner to cover the relevant concepts 

without diving too much into details, respecting the scope of the work. Links are 

systematically established between the sections in light of the aim of the work. 

Given the nature of the work at hand, the technical aspect is used, and 

functional views are used as support to legitimise the choice of techniques and 

their feasibility. In order to use a certain technique its premise had to be 

examined first, evaluated second and its relevance to the project examined as a 

last step.  

 

 

2.1 Crowdsourcing 

 

2.1.1 Operational and functional definitions 

 

Crowdsourcing as a word is formed by concatenating the two words crowd and 

outsourcing. The term was brought to the public by Howe (2006) to describe the 

behaviour of organisations or companies where they outsource a certain task to 

a large, mostly unknown crowd of workers through the medium of internet. 

Howe (2006) defines crowdsourcing as:  

―Crowdsourcing is the act of taking a job traditionally performed 

by a designated agent (usually an employee) and outsourcing it 

to an undefined, generally large group of people in the form of 

an open call‖ 

 

Operationally, the foundation of crowdsourcing relies on the basic flow relying 

on the need for a task to be completed, the ability of non-experts to complete 
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the task, and the feasibility of issuing an open call to initiate the task. Building 

up on this foundation, the internet and modern communication media facilitate 

both the open call initiation, presentation, design, and workings of tasks 

(Eskenazi, 2013).  

Form the above, we can conclude that crowdsourcing functionally can be 

defined by three main parts:  

 

● The task: the actual work to be done.  

● The open call: an available-to-the-masses audition/test or invitation to 

complete a task 

● The crowd: a group of non-experts or in some cases experts that might 

have a specific set of skills to complete a task.  

 

Building on these base concepts, the concept of the wisdom of the crowd 

emerges. Within the crowdsourcing paradigm the knowledge generated by the 

large non-expert participants or the ―intelligent crowd‖ is considered to approach 

the knowledge of experts in the task or field at hand (Surowiecki, 2004).  It, 

however, differs from task to task and from crowd to crowd (Eskenazi, 2013). 

For the sake of the current, the assumption that the quality of knowledge 

generated by an intelligent crowd approaches the one of experts (Surowiecki, 

2004). With an intelligent crowd, as it is the case for the task the current work is 

targeting, it is also believed that tasks completed by an intelligent crowd (one 

that is selected using task specific criteria) are less erroneous  than when 

completed by experts thanks to the aggregation of knowledge and the faster 

completion pace.  

 

To better understand the operational components in crowdsourcing, the 

following example is used to simplify the different components. Consider a 

classification problem often encountered in fruit farms where participants are 

asked to sort fruits by size and are given a reference size for each of the sorting 

buckets.  The employers let all the workers know that the fruits are to be sorted 

by size (open call), the workers are to sort the fruits having the defined sizes as 

a reference and sorting into separate buckets (task). Each worker is given an 

unsorted pile of fruit and different buckets with a picture of the reference size. At 

the end of the task the workers bring their buckets to a common area and empty 
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their buckets into corresponding containers with the same picture of the 

reference size. The employers check the containers at the end of the day and in 

each they might find bigger or smaller fruits compared to the reference size. 

However, the average of the sorting for each of the containers tends to be 

accurate and correspond to the reference size (aggregation). 

 

In the context of the current work and the relevant tasks requiring knowledge 

and an intelligent crowd, Surowiecki (2004) defines the four main characteristics 

that make a crowd an intelligent crowd that is able to generate desirable 

knowledge as follows:  

● Diversity: the crowd is diverse which adds an element of different 

perspective to the task making the generated knowledge of better quality.  

● Independence: each member of the crowd has their own opinion that can 

be different from others within the specifications of the task.  

● Decentralisation: knowledge is decentralised, and each member of the 

crowd has their own contribution that adds value to the task. 

● Aggregation:  ability to combine the independent, decentralised and 

diverse knowledge of the members of the crowd to find a consensus of 

high quality that serves the task.  

 

Functionally, crowdsourcing is defined by the four characteristics that set the 

basis of the concept according to Surowiecki (2004). The paradigm is built upon 

the premise of mutual benefits (Wazny, 2017), where participants get a tangible 

or an intangible (personal satisfaction, social recognition etc.) and the issuer 

gets the knowledge needed to complete the task at hand. The four 

characteristics are further elaborated on as follows (Surowiecki, 2004):  

● Diversity of opinion: members of the crowd will have different opinions 

about the task. The opinions might be similar and not differ that much 

from each other and might as well be either correct or incorrect.  

● Independent opinion: each member of the crowd will have his or her 

individual opinion that is not influenced by others. The opinions would 

only be influenced by the task-specific instructions.  

● Decentralised opinion: each member of the crowd would have local 

knowledge that they will apply to the task with the framework set by the 

compartmentalised task description (members of the crowd might not 
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have all information related to the task, the issuer of the open call 

controls what information is exposed).  

● ―Aggregable‖ opinion: the collective knowledge of the participant crowd 

can be aggregated and merged to form a collaborative opinion that will 

serve the purposes of the task at hand.  

 

Given the constraints of cost effectiveness, crowdsourcing is a viable alternative 

to the tedious data collection, data annotations and data processing that 

influence most of modern systems and drive the information technology world in 

the current times and will continue to do so in the near future at least. 

Functionally and operationally, crowdsourcing offers a solid basis for data 

mining tasks while having a faster, more scalable and better knowledge 

compared to relying entirely on experts. (Wazny, 2017) 

 

Throughout the literature, it is common to find a different definition of 

crowdsourcing, as it heavily depends on the tasks at hand and its specifications. 

Hosseini et al. (2015) showcase that there are contradictory definitions of 

crowdsourcing; however, they argue that it is heavily dependent on the task the 

crowdsourcing paradigm is used for. For example, classification tasks where the 

dataset processing only needs human involvement to classify data according to 

a certain characteristic (i.e. pictures having an item or not)  (Li et al, 2013)  do 

not require a particular skill; hence the element of an intelligent crowd is 

irrelevant and the members of the crowd do not need to have a specific set of 

skills. Whilst, for other tasks might need a certain set of skills that crowd 

workers are required to have to be able to take part in the task (Benatallah et 

al., 2013) (i.e. sentence annotation requires nativity of the language at hand, 

pattern recognition requires linguistic skills etc.). Nonetheless, the essence of 

the operational and the functional definitions from the above still holds as the 

main characteristics are independent of the task. 

 

 

2.1.2 Crowdsourcing application and platforms 

 

Applications of the crowdsourcing paradigm are multiple, and they cover a 

variety of fields that range from scientific applications to business-oriented 
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tasks. The main applicable classification that can be applied to crowdsourcing is 

the following (Wazny, 2017): 

● Problem solving 

● Data classification  

● Producing a decision 

● Knowledge discovery, management and generation 

 

From the literature, the following are some examples of crowdsourcing 

applications in a variety of fields:  

 

● Public health and health research (Prpic, 2017; Kamajian, 2015)  

● Knowledge discovery and management (Brabham et al.,2014) 

● Collaborative science projects (Wagy et al., 2018)  

● Information sharing and voting systems (O'Leary, 2019) 

● Selective sourcing with crowd assessment (Ghani et al. 2015) 

● Data processing for machine learning (Daniel et al., 2018)   

 

From the above, and throughout the literature the crowdsourcing paradigm is 

used in a variety of fields and takes on different forms of application. However, 

the essential premise of the said applications revolves around a common basis.  

The following diagram describes the flow of this basis (Hirth, Hoßfeld & Tran-

Gia, 2013):  

  Platform    

 

Employer               Crowd

    

  

 

 

 

 

FIGURE 2. Basic structure of a crowdsourcing operation 

 

 

Open Pull task  

Payment Remuneration 

Complete task Get task 
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In figure 2, the employer who is the issuer of the task, has a task to be 

completed. They issue an open call using the crowdsourcing platform to be 

used. The crowdsourcing platform is then used to design the task and present it 

to the crowd. The platform can also be used to select the crowd that would have 

access to the open call, as explained in section  2.1.1. The crowd workers pull 

the available tasks and submit their work using the platform. The crowdsourcing 

platform can then be used to process the submitted work (e.g. aggregation as 

explained in section 2.1.2) according to certain criteria defined by the employer 

who can then deliver the tasks. Once the work is completed, the employer 

issues payments to the members of the crowd using the platform and the crowd 

can redeem their remuneration according to their preferred method over the 

internet or through the provided payment details.   

 

 

2.1.3 Benefits of using crowdsourcing 

 

Benefits of using crowdsourcing differ from operation to operation and from 

application to application. However, the general consensus from the literature 

(Wazny, 2017; Zhao & Zhu, 2012; Daniel et al., 2018) showcases that 

crowdsourcing is particularly beneficial to drive operation relying on the 

advantages of the internet and modern communication media. Using the said 

communication media improves the connectivity and the collaboration ability of 

a distributed talent pool (Zhao & Zhu, 2012).  This, in turns, allows for the 

optimisation of costs of carrying tasks, especially tasks most suitable for the 

crowdsourcing paradigm (section 2.1.2). Sourcing talents tailored for tasks is 

also a major benefit of crowdsourcing; where the right talents for the task are 

selected based on the settings of the open call (Wazny 2017), which improves 

the quality of the delivered tasks.  Another aspect of crowdsourcing that also 

contributes to improved quality is the aggregation of the opinions that 

characterises such tasks (Lebraty & Lobre-Lebraty, 2013; Eskenazi, 2013). 

Crowdsourcing operations are also characterised by high mobility and 

scalability where large masses of participants can be targeted to complete a 

task that requires such settings (Lebraty & Lobre-Lebraty, 2013). Additionally, 

Kanhere (2011) argues that crowdsourcing takes advantage of the widespread 

of mobile devices and internet services to complete tasks that could not have 
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been completed before; making use of crowds that were not thought of as 

possible workers; especially for large data collection task. Wazny (2017) 

categorised the benefits of using crowdsourcing into two main categories that 

are in the essence of crowdsourcing operation: process-based and result-

based, with some benefits belonging to both categories.  

 

In essence, crowdsourcing indeed influences the process and the results of 

operations using it. The paradigm improves the process of the operations by 

improving the way the open call is designed, the scale of access to the task, 

robustness of task completion and the enriching of the talent pool. Results are 

improved by improving the selection process of participants, optimising the way 

the task is presented to the crowd, processing and aggregating the results.  

 

These benefits certainly do not come without a considerable overhead (Daniel 

et al. 2018). To take full advantage of the said benefits quality control is a major 

component that needs to be carefully examined whenever the consideration to 

drive a crowdsourcing operation emerges. Quality control is considered the 

main challenge facing crowdsourcing platforms (Benatallah et al. 2013; Daniel 

et al. 2018; Brabham et al. 2013; Garcia-Molina et al. 2016)  

In the next section the research shall cover the problematic of quality in 

crowdsourcing, cover a proposed taxonomy of quality control in crowdsourcing 

platforms, examine the associated quality model and elicit the most used 

techniques for quality control in crowdsourcing from the literature.  

 

 

2.2 Quality in crowdsourcing 

 

Quality control in crowdsourcing in the literature is quite scattered and there is a 

lack of centralised and standardised model that ensures quality in 

crowdsourcing platforms (Daniel et al., 2018). This is mainly due to the fact that 

most crowdsourcing tasks are highly customised, and the carried processes 

differ from task to task and from field to field. For example, within the data 

processing and collection field a task to collect textual data would require 

fundamentally different quality control compared to a task to collect audio 

samples; issues of data size, used software and technology, post processing 
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etc. have to be considered differently. From the author‘s own experience, it is 

highly challenging to ensure a high quality of the delivered task; each task 

defers in requirements, presentation, pre-processing and post-processing from 

the other. In the following section the research shall cover a proposed quality 

model applicable to the scope and elicit the related most used techniques. The 

research shall keep the examination of the quality control techniques focused 

on the ones that would be applicable within its scope.  

 

 

2.2.1 Taxonomy 

 

Daniel et al. (2018) propose a taxonomy that aims at covering the main 

components (as illustrated in figure 3) that constitute quality. Quality has to be 

controlled during the different stages the information flow goes through. 

Conceptually, the proposed taxonomy can be illustrated as follows (applied to 

figure 2):  

 

 Platform    

 

Employer                    Crowd

    

  

 

 

 

 

 

 

FIGURE 3. Quality taxonomy in a crowdsourcing operation 

 

From this simplification of the taxonomy (figure 3), we can draw four major 

component that will lay basis to quality control in crowdsourcing platforms in 

general, and especially, will be adapted to lay foundation the theoretical 

framework of this work. The four components and their defining sub-elements 

are as follows (Daniel et al., 2018):  

 

Open call  Pull task  

Payment 

Complete task Get task 

People Quality 

Software Quality 

Remuneration 

Data Quality 
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 Quality model: defined by the target quality attributes and the quality 

dimensions.  

o Quality attributes: define requirements and properties of the task. 

Include the selection criteria of the crowd workers, the format of 

the data processing, the target accuracy of data etc.; the attributes 

can be measurable (nativity of crowd workers, level of education, 

expertise) or abstract (aggregable opinion).  

o Quality dimensions: the components of the task that are derived 

from the above explained attributes.  

 Quality control techniques and assessment: define the target attribute 

and the evaluation methods used to qualify it; as well as, who is 

responsible for the evaluation. They also define evaluation basis (e.g. 

computational, peer review, gold standard, human quality assurance, 

post processing etc.) 

 Quality assurance: improve the overall process and result quality by 

examining the quality attributes and customising the quality model.  

o Strategies: high-level decisions that influence the vision of the 

operation in terms of quality. For example, rigorous crowd 

selection can be favoured to post processing and manual QA.  

o Actions: the concrete operations that aim at serving the adopted 

strategies and address quality issues.  

 

The above taxonomy targets the different components of crowdsourcing 

operations. Consequently, its different aspects will be further detailed and 

examined.  

 

 

2.2.2 Quality model 

 

Dictated by the aim of this research and based on the literature, the following 

will be the target quality dimensions and their respective quality attributes or 

quality sub-dimensions for the quality taxonomy that will be examined. This is 

supported by the nature of the target projects and general consensus from the 

literature.  
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 Data (Daniel et al., 2018): Data is at the centre of focus in operations that 

are similar to the projects within the scope of the presented work. Input and 

output data need to maintain a certain level of quality that the origin, 

mediator and worker are required to satisfy. The target quality attributes for 

this dimension are:  

o Input completeness: refers to the percentage of completeness of data 

from the origin of the task. For example, for a task of image annotation, 

input completeness can the percentage of the images that render and 

are not corrupt within the original dataset, the percentage of duplicate 

images, or the format uniformity across images.  

o Output accuracy: refers to the percentage of completed task data that 

match the task description. Accuracy can be measured in different ways 

and generally is a requirement from the origin of the task. For example, 

given a sentence annotation task, the returned annotated sets have to 

match a certain accuracy when compared to the task standard 

(Polychronopoulos, 2017) (e.g. a QA post processing measuring 

algorithm, test cases passing using the annotated test etc.) 

o Output consistency:  refers to the uniformity of task completion between 

the crowd workers given the same input (Daniel et al., 2018). For 

instance, given a sentence in a sentiment analysis task, output 

consistency can be the percentage of similarity in classification of a 

certain sentence or set of sentences among the crowd workers.  

o Reaction Time:  refers to data integrity within real-time crowdsourcing 

platforms, especially for concurrent and dependent microtasks (building 

blocks of the major task that might depend on each other and might be 

completed by different crowd workers) (Yin, Chun & Sun, 2014). For 

example, this attribute can be the measured by latency in milliseconds of 

selecting an image to be annotated by a member of the crowd in different 

regions of the globe from a pool of images where a file is to annotate 

only once by one person.   

 Task (Benatallah et al. 2013, Daniel et al. 2018) the work to be performed, it 

can take a multitude of forms and can cover any of the applications 

associated with crowdsourcing as well as combinations of applications:  

o Task description and definition: refers to the clarity and completeness of 

the instructions given to the members of the crowd to complete the task. 
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These instructions are pivotal in the smooth running of the work (Daniel 

et al. 2018). It can be, for example, a set of rules to follow when 

annotating an image with a list of objects to annotate and instructions of 

how to annotate them.  

o The software and the interface (sub-dimension):  rather abstract measure 

that can be categorised more as a quality sub-dimension. It refers to the 

general quality of the supporting software and the usability of the 

interface used to carry out the crowdsourcing operation.  

o Granularity: also, a sub-dimension refereeing to how simple or complex 

the designed task is and how the crowd workers would carry the work 

given the complexity. Generally, the more complex the task is, the harder 

it is to achieve the desired quality for this sub-dimension (Benatallah et 

al. 2013).  

o Incentive and compensation: refers the retention of members of the 

crowd and can be measured by the percentage of crowd workers staying 

in the platform or re-applying for tasks based on compensation and 

incentives offered by the employer to complete the task. Incentive is 

shown to also affect the overall quality of the operations (Benatallah et al. 

2013).  

o Performance and throughput: refers to the amount of work completed 

within a time period and can be measured for members of the crowd 

individually, per task or for the crowd in general. Finding the balance 

between the resources, compensation and load of work is the outcome of 

this attribute.  

 People (Daniel et al. 2018): The people involved in the task, the crowd 

(people who perform the tasks) and the employer (people who design the 

task, present the task and select the crowd).  

o Employer: the issuer of the crowdsourcing operation including people 

who design the tasks, work on the platform to present and communicate 

the task to the crowd; and people who process, evaluate and deliver the 

output and people responsible for compensating the crowd workers. The 

main quality attributes for this sub-dimension are communication, 

fairness, and reputation.  

o Crowd: people who actively take part in completing the task. The crowd 

workers can be evaluated as individuals or as part of a group. Quality 
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attributes associated with this dimension are subjective and depend on 

the task at hand, the main ones are: the worker‘s profile, experience, 

credentials (Daniel et al. 2018), and reputation and expertise (Benatallah 

et al. 2013). To that we can add colluding, bots, and questionable 

workers (Checco et al., 2019) 

 

 

2.2.3 Quality control techniques and assessment 

 

Building up on the defined model, the next step within the adopted quality 

control taxonomy is to define the techniques used to measure the target quality 

dimensions and their corresponding quality attributes selected within the quality 

model. The research focuses on the best result-yielding techniques in terms of 

the general quality of crowdsourcing operations from the literature (Eskenazi, 

2013; Daniel et al., 2018; Benatallah et al. 2013; Checco et al., 2019).  

Benatallah et al. (2013) categorise the said techniques into two categories: 

design-time and run-time quality control measures.  

 Design-time: techniques that are applied before the start of task and lay the 

foundation for the operating of the task; they include:  

o  Effective preparation of the task: by defining the requirements properly 

without ambiguity and clearly stating the practicalities of task delivery, 

expected throughput and agreed on compensation. 

o Crowd workers selection: by selecting the right people for the right task 

(i.e. some tasks can be open to all, some tasks require nativity while 

some tasks require certain expertise that need to be tested beforehand) 

 Run-time: focus on the processing of the task with the two involved parties 

(the employer and the crowd), they include:  

o Expert review: having a certain group of people either from the crowd, 

internal employees, or third-party people that are experts in the task at 

hand and are assigned to review the submitted tasks from the crowd.  

o Agreement among the crowd: if the majority of the answers of the crowd 

are the same either in terms of the output or input being the same, the 

data is accepted as correct and of the desired quality.  

o Ground truth: gold standard data that is accepted as correct by experts 

and used as reference and as a measure of quality.  
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o Majority consensus: the overall evaluation of a crowd worker by 

reviewers is accepted as general quality of the worker and their work.  

o Direct evaluation: crowd workers are evaluated by the employers using 

the defined relevant quality attributes.  

o Real-time support: providing real time guidance to crowd workers by 

experts in the task, designated crowd members, or people from the 

employer side.  

o Optimise workflow: improve granularity of complex tasks and 

incrementally and iteratively improve the workflow for these tasks. 

 

Daniel et al. (2018) in general terms agree with the above and build up on it. 

However, they had the defined techniques categorised into slightly different 

categories with more details and more techniques for each category. They then 

evaluate the extensive list of techniques for the state-of-the-art crowdsourcing 

platforms. Consequently, the following will elicit the most used techniques and 

ones that are relevant for the research.  The three main categories are:  

 Individual: techniques that are aimed at controlling and assessing the 

quality of members of the crowds on an individual level. The most relevant 

ones are:   

o Rating: this technique relies on assigning a task-dependant rating that 

might involve multiple quality attributes as an employer-defined formula 

to determine the quality of a crowd worker. The rating formula might for 

example include indices of how long the worker been registered in the 

platform, the number of tasks they participated in, the throughput of the 

said worker, their peer and direct evaluations and the expert reviews the 

worker acquired through working with the employer. 

o Skill tests: a technique relying on task-dependant functional tests or 

targeted questionnaires designed to determine how suitable the worker 

is for a task. Tests might be for nativity, for expertise or for pace of 

completion.   

o Expert review: similar to the run-time expert review of Benatallah et al 

(2013). 

o Usability checks: similar to design-time effective preparation of the task 

from Benatallah et al (2013). 
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 Group: techniques that assess the quality of a group of crowd workers 

based on their collective contribution. The most relevant ones are:  

o Voting: in this technique assessment of workers is obtained by a voting 

system where a group of reviewers assess the output of a group of 

crowd members and based on the votes the suitable workers with an 

acceptable quality assessment are identified.   

o Output agreement: similar to the agreement among the crowd of 

Benatallah et al (2013).  

o Peer review: similar to the expert review from Benatallah et al. (2013) 

with the difference being that the review is performed by multiple peers 

avoiding the bias of individual review. Draws some aspects from the 

majority consensus. 

 Computational: automated techniques that rely on the algorithms to assess 

and control the quality of the crowd with minimal human involvement. The 

most prominent techniques of this category are:  

o Ground truth: similar to Benatallah et al. (2013) 

o Achievements: a technique based on assigning badges or certificates to 

crowd members based on their active historic of participation in tasks 

and aggregate of performance evaluation. This technique targets also 

the incentive quality sub-dimension where it plays two roles: assessing 

the quality of the crowd worker for the employer, and providing 

customised incentive and motivation for the worker.   

o Implicit feedback: pattern recognition is used to draw patterns on the 

behaviour of a worker while completing a task then providing implicit 

feedback to improve their workflow.  

o Task execution log analysis: this technique relies also on pattern 

recognition to determine the general interactions of the worker with the 

platform, the peak times of throughputs, the rejected tasks etc. Mining 

and analysis such attributes help in quality assessment as well as future 

planning.  

o Content analysis: this technique is also used to draw patterns on the 

complexity of tasks, how workers interact with such tasks and to what 

extent their quality of work is affected by the complexity of the task. 
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Checco et al. (2019) and add Eskenazi (2013) add couple of computational 

techniques that aim to prevent attacks on the quality of crowdsourcing 

operations by malicious programs or malicious crowd members.  

o Bot prevention: bots are programs that simulate the behaviour of crowd 

workers often providing a high number of wrong answers and are mostly 

found in crowdsourcing platforms offering monetary remuneration. The 

most effective techniques to control this vulnerability is reCAPTCHA 

application that nowadays most crowdsourcing platforms implement. 

(Eskenazi, 2013) 

o Collusion prevention: another malicious attack that affects 

crowdsourcing platforms; this one is related to malicious crowd 

members that share information, impersonate other workers or share 

information to gain advantage. Statistical models, identity checkers, 

tracking systems are used to identify suspicious behaviour within the 

crowd and prevent collusion.  

    

 

2.2.4 Quality Assurance 

 

After identifying and going over the most used and best result-yielding 

techniques applied in crowdsourcing platforms, the next section provides a 

customised list of quality attributes, quality dimensions as well as quality control 

and assessment techniques that lay the basis for the next chapters where a 

survey is designed to provide a custom approach to quality assurance. The list 

represents the target variables for a mixed (quantitative and qualitative) 

research which is carry out and is detailed in the next chapter. 

  

 The importance of quality assurance for the general population. 

 Quality and quality control perceptions for each of the target groups. 

o The target quality dimensions for the general population and per target 

group. 

o The most used techniques by each of the target groups. 

 The most important quality attributes. 

 The correlation between the applied quality control techniques and the 

target quality dimension. 
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 The experience of the target group dealing with quality control in their line 

of work.  

 

The above list lays ground for the hypothesis the current work is formulating to 

answer the two research questions by extending the evaluation of the best 

result-yielding quality control techniques and how they are applied. The 

techniques are elicited from the literature then examined within the survey. In 

addition, the survey includes basis for gaining insight into what can be improved 

in the quality assurance practices within the practical setting.   
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3 METHODOLOGY 

 

 

3.1 Quantitative and qualitative research 

 

The presented work tackles two research questions:  

● What are the best result-yielding quality control techniques in 

crowdsourcing platforms? 

● How are these techniques evaluated and applied? 

The two questions are of different nature. The first one is a descriptive research 

question (Business & IP centre, 2020); while the second is a relational research 

question with a case study component (Mass communication theory, 2011).  To 

answer these questions adequately, different research methods were 

implemented.   

 

Research is the systematic examination of a subject to gain insight into said 

subject. Research can be basic: expanding knowledge on a subject; or applied: 

improving the practices and aspects of a subject. Basic research often lays 

basis to applied research.  

 

The applied research relies on two main distinct designs, qualitative and 

quantitative research methods. (Sharan et al. 2015) 

Quantitative research aims at examining a subject by discovering new 

knowledge (or consolidating existing one) based on the simplifications of the 

complexities of the subject (O‘Dwyer et al. 2015) and on determining a cause 

and effect relation, predict patterns, or describe a distribution (Sharan et al. 

2015). It often answers questions that start by ―what‖, ―how many‖, ―is there a 

correlation‖ etc. (Business & IP centre, 2020). Its main advantages are: 

replication, direct comparison of results, hypothesis testing, and uniformity of 

processing of the collected data.  

Qualitative research aims at examining a subject by discovering new knowledge 

in light of the complexities of the subject in a natural setting (O‘Dwyer et al. 

2015). The questions qualitative research answers have a qualitative aspect to 

them such as: ―how to‖, ―examine‖, ―discover‖, ―explore‖ etc. Its advantages are 
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flexibility, gaining insight into the target group thinking and explaining 

unquantifiable research attributes (Rahman, 2017).  

The two designs are often complementary rather than opposite to each other 

(O‘Dwyer et al. 2015).  

 

It is within the precise premise that the current work lies. Once the basic 

research was established by reviewing the literature and establishing the quality 

control model and theoretical framework; the foundation was set, and the 

practical aspect of the research was built upon it. The nature of the research 

questions dictated the choice of the practical research methods to use. To 

extend on the basic research established with the literature review, quantitative 

research was carried out to complete the answer for the first research question. 

In conjunction, the practical research was built upon using relational research to 

tackle the second research question; which was then consolidated with the 

qualitative research. 

 

The quantitative research was carried out using a survey specially designed to 

support the formulated hypothesis. The hypothesis on a broad picture examines 

the importance of quality control in the practical setting and the correlation of 

the application of the best result-yielding quality control techniques and the 

quality of the product.  

 

The qualitative research aspects were covered in a couple of questions within 

the survey where the target groups were asked to explain something in light of 

their experience. These questions are based on open-ended feedback from the 

participants where they share their narrative and experience regarding the 

subject (Carless & Douglas 2017); which is then analysed using content 

analysis.  

 

 

3.2 Survey design 
 

As stated above, the survey was designed to consolidate the findings of the 

literature review, examine the hypothesis and gain insight into the perceptions 

of the different target groups on the examined quality model.  
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3.2.1 Sampling 

 

The general population that the survey targeted were employees within the  

company who are involved in crowdsourcing projects.  

 

The target groups were:  

 Project managers: managers within the company who deal with 

crowdsourcing projects  

 Sourcing team: a team of employees taking care of sourcing needs for 

different projects.  

 Production team: project coordinators, developers and production leads 

who drive the execution of the projects and the delivery of the final 

product.  

 

3.2.2 Data collection method 

 

To collect the data for the survey, a questionnaire was implemented in Microsoft 

orms with different questions targeting the list covered in section 2.2.4.  

The survey was anonymous and was sent in separately to the different target 

groups. It was only accessible to people within the organisation with an 

emphasis on anonymity and abstinence of any personal details tracking.  

At the beginning of the questionnaire, an overview of the survey‘s aim and 

practicalities was presented to the participants along with a disclaimer that the 

answers should not include any sensitive information or details on projects, 

clients or the concerned people.  

The results of the survey are accessible only to the author and are used only 

within the context of this research (due to the nature of the research and the 

nature of the company)  

 

3.2.3 Error reduction methods 

 

To avoid the known errors associated with surveys, careful design and selection 

was applied before the survey was sent. To avoid the Nonresponse error (lack 

of response from all individuals) the survey was designed in a user-friendly way 

with clear and concise questions. To avoid the sampling error (individuals not 
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representing the target population), the survey was sent to selected individuals 

with prior experience in crowdsourcing projects, and the irrelevant answers 

were discarded. As for the measurement error (questions not targeting the topic 

of interest), the survey was designed carefully in light of the target quality 

dimensions, attributes, and techniques and was reviewed by the supervisor 

(from work side) before it was sent out; also branching was implementing where 

certain sentinel questions gave access to different branches depending on the 

answer. (Ponto, 2015) 

 

 

3.2.4 Survey questions and evaluation 

 

For the questions that used rating ranges, the choice of a 10 point Likert scale 

(from 1 to 10, Appendix 1) was due to the need to capture all different 

perceptions the respondent might have on the aspect being examined, the 

familiarity of the survey population with the aspects being examined, and ease 

of use of such a scale for the respondents. This scale also improves the 

variance of the answers to widen the range for the analysis and allocate for any 

answers that might provide variant rating which can be useful during the 

analysis. (Research gate, 2014) 

 
Given the size of the target population and the number of qualitative questions, 

the evaluation of the survey was done using MS excel and the author‘s own 

analysis for the open-ended qualitative answers.   

 
The following are some of main questions that were sent within the survey (not 

all questions are presented here for the conciseness of the report, all the 

questions will be presented in the results chapter). 

 

 

 Numeric quantitative evaluation of the importance of quality control within 

the survey population and across target groups. 
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 Numeric quantitative evaluation of the quality model dimensions within 

the survey population.  

 

 

 Numeric quantitative evaluation of the task description quality attribute 

within the task quality dimension. 

 

 

 Numeric quantitative evaluation of the used quality control techniques 

used by the survey population and within the different target groups.  
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 Qualitative examination to gain insight into how the techniques are used 

within the actual work settings and when such combinations are used.  

 

 

 Qualitative examination to gain insight into how a specific quality 

attributes (performance and throughput) is affected within the actual work 

settings. 

 

 

3.2.5 Data analysis methods 

 

Given the different research designs used, different methods were used to 

analyse the results.  

For the quantitative research, statistical analysis was applied on the numeric 

quantitative data. Depending on the variable, an appropriate analysis method 

was used. For the descriptive questions, simple statistical analysis was used in 

the form of averages, percentages, ratings, and rankings. Simple statistical 

analysis was used to analyse the results in terms of the descriptive research 

aspect. As for the relational aspect of the research, the following are the 

methods used to analyse the data (Woodley, 2004; Statistics how to, 2020): 

 

 Correlation analysis: used to examine correlations between variables. In 

this context correlation analysis was used to examine correlations 

(associations) between quality dimensions, quality attributes and used 

techniques.    
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 Cross-tabulation: used examine effects variables in terms of other 

variables. Used to examine relevance of certain quality attributes, 

dimensions and used techniques per target group.  

 

For the qualitative research, the main relevant analysis method used to 

examine the qualitative open-ended question was text analysis (Question Pro, 

2020). This was due to the number of respondents and the aim of the qualitative 

questions.  The text analysis is a form of content analysis that is based on 

examining textual data in light of predefined themes or emerging themes (open 

coding). The data is coded based on the defined framework then analysed and 

presented. (Kuckartz 2019; Leavy, 2015; Lacity, 2015).  

 

 

FIGURE 4. Stages of qualitative content analysis (Kuckartz 2019, 186) 

 

Figure 4 simplifies the stages of qualitative analysis. For the couple of questions 

this research aimed at analysing qualitatively, the phases above were followed. 

In addition, dictated by the theoretical quality model; the themes were 

predefined based on the important quality dimensions and quality attributes that 

the open-ended questions are examining. In addition, emerging themes form 

analysing the answers were added and analysed as well.  
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4 RESULTS AND ANALYSIS  
 

 

4.1  Descriptive quantitative results  

 

The survey was taken by around 30 people. This was the intended target 

population which was dictated by the size of the local Tampere branch and the 

nature of the research targeting crowdsourcing projects and employees who are 

involved in this paradigm.  

The suitability of the participants to the task was favoured to the number of 

participants in order to get relevant and targeted answers that are useful to the 

research. Some of the answers were omitted due to irrelevance. The following 

are the quantitative results of the research along with analysis of each question 

and its answers.  

 

TABLE 1. Importance of Quality Control 

How important Quality Control is in the 
projects you are involved in? 

Rating value  % 

9.42  
(mean) 

10 58.06% 

9 25.81% 

8 16.13% 

 

Table 1 presents the results for a question that was aimed at identifying the 

importance of quality assurance to target population. The question was based 

on a rating from 1 (not important) to 10 (very important). The answers ranged 

from 8 to 10 with the vast majority rating quality assurance as very important in 

their line of work. This is expected as quality assurance is a defining 

characteristic of the company and focal point in its projects. With around 58% of 

answers rating the importance the highest possible, results from this question 

establish the premise that the survey population is aware of the importance of 

quality assurance and recognise the role it plays in the projects they are 

involved in.  
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TABLE 2. Quality dimensions 

What are the main quality target(s) 
in the projects you are involved in? 

  
  

Dimensions % 

Data People 29.03% 

Data People Task  29.03% 

People  12.90% 

Data 9.68% 

People Task  9.68% 

Data Task  3.23% 

Process People Task  3.23% 

Task 3.23% 

 

 

 

 

 

 

 

 

 

 

FIGURE 5. Quality dimensions 

 

Table 2 presents the results of the question that aimed at examining the quality 

dimensions the survey population targets in their projects. The results showed 

that the majority of the population targets a set of quality dimensions in their 

projects with 74.2% of respondents targeting two or more quality dimensions 

that affect quality in their line of work. The main combinations were [Data, 

people, and task] and [Data and people], with the latter being embedded in the 

first. This shows that to assure quality, the survey population targets multiple 

quality dimensions. The question was designed to examine the defined quality 

model components. The results show that the survey population is aware that 

quality assurance relies on a quality model that is based on the defined quality 

dimensions. Figure 5 illustrates the distribution of the dimensions, where the 

most targeted dimensions were data and people.  
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TABLE 3. Data quality attributes 

Which of the following is (are) the 

most important aspect (s) of data in 

the projects you are involved in? 

Data quality attributes % 

Complete Input 
Accurate Output 

Consistent Output 
Integral Input 

48.39% 

Accurate Output 
Consistent Output 

22.58% 

Accurate Output 12.90% 

Complete Input 6.45% 

Complete Input 
Accurate Output 

Integral Input 
3.23% 

Consistent Output 3.23% 

Integral Input 3.23% 

 

 

  

 

 

 

 

 

 

 

FIGURE 6. Data quality attributes distribution 

 

Table 3 presents the results of the survey question that aimed at evaluating the 

familiarity and the most important quality attributes of the data quality 

dimension. The question was a multiple selection question with 4 options 

representing the defined quality attributes laying basis to the data quality 

dimension of the quality model set in the research theoretical framework. 48.4% 

of the population did chose all the quality attributes which shows a certain level 

of familiarity with what contributes to quality in data. However, some of the 

population went for a more straightforward approach where output accuracy 

was the main concern for them, with around 40% of the answers stated that 

output (either accuracy, consistency or both) is the main attribute that affects 

quality of data.  

The distribution of the data quality attributes (figure 6), also consolidates this 

observation where most of the answers stated output accuracy as the most 
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important aspect (quality attribute) of data quality. Based on the theoretical 

framework, output accuracy and output consistency are closely related; which, 

brings the majority of the answers to the data quality question to be related 

mainly to the data output.    

 

TABLE 4. Task description 

In your experience how correlated 

the task description's 

quality/completeness and the 

quality of final delivery are? 

Rating value % 

8.58  

(mean) 

10 35.48% 

9 29.03% 

8 16.13% 

7 6.45% 

6 6.45% 

5 3.23% 

4 3.23% 

 

Table 4 presents the result of the question that aimed at evaluating the 

importance of task description for the survey population. Task description is a 

quality attribute of the task quality dimension from the quality model. The 

question was set up with a rating from 1 (not correlated) to 10 (very correlated). 

Around 80% of the answers ranked the correlation within the 4th quartile (close 

to the max). The results show that task description and the quality of the task 

are correlated but not strongly (8.58 mean). 

 

TABLE 5. Software and user Interface quality 

How would you rate the importance of 

quality, user friendliness and 

performance of the software to the 

quality of the final delivery? 

Rating value % 

8.19 

(mean) 

10 22.58% 

9 25.81% 

8 22.58% 

7 16.13% 

6 3.23% 

5 9.68% 

 

Continuing on the task quality dimension, the next quality sub dimension to 

examine was the software quality importance and its significance to the survey 

population, presented in table 5. Similar to the question represented in table 4, 

the majority rating of the importance of the software and user interface 

performance fell within the 4th quartile (70%). However, compared to the task 

description, the quality of software was somewhat less important. The result 
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show that the survey population realises the role software plays in insuring task 

quality; but showed reserve in to how decisive software quality is to the quality 

of the task.  

 

TABLE 6. Granularity 

How simple/complex are the 
tasks of the projects you are 

involved in? 

Rating value % 

6.84 (mean) 

10 22.58% 

9 9.68% 

8 22.58% 

7 3.23% 

6 16.13% 

5 3.23% 

 

Table 6 presents the answers to the question that aimed at examining the 

granularity of the tasks the survey population is involved in. Granularity is a 

quality sub dimension within the task quality dimension. The rating of the 

question was from 1 (simple) to 10 (very complex).  The reasoning behind the 

question was to examine how complex the tasks in the projects the survey 

population is involved are; and reflect on the premise of simplifying the tasks as 

a mean of improving quality. The results show that the a considerable portion of 

respondents (55%) qualified the task complexity in the projects they are 

involved in within the 4th quartile. 22.58% of the respondents ranked the 

complexity of the tasks as maximum. The results show that task complexity is 

an important issue that face the survey population. Hence, affect the quality of 

the task, since, as covered in the theoretical framework the more complex the 

tasks are in crowdsourcing project the more the quality is affected. The results 

also showed an extended variance in the granularity; which can be explained by 

the nature and variety of projects the survey population is involved in.  

 

TABLE 7. Incentive and compensation 

How important are incentive and 
compensation to retain crowd workers 
for your projects and the quality of the 
final product? 

Rating value % 

8.35 

 (mean) 

10 35.48% 

9 19.35% 

8 22.58% 

7 6.45% 

6 6.45% 

5 6.45% 
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The question table 7 presents the results to aimed at examining the importance 

of incentive and compensation to retain crowd workers. Incentive and 

compensation is a quality attribute within the task quality dimension. The 

majority of the population recognised the importance of the incentive and 

compensation to retain workers and contribute to the quality of the task. 83% of 

the answers fell within the 4th quartile. The most picked rating was the maximum 

within the rating with more than 35% of the respondent asserting that incentive 

and compensation are very important factors to retain good workers and 

ultimately improve and maintain the quality of the task.  

 

TABLE 8. People quality 

How correlated is the quality of people 
involved in the task (crowd workers and 
company employees) and the quality of 

the final product? 

Rating value % 

9.19 
 (mean) 

10 48.39% 

9 32.26% 

8 9.68% 

7 9.68% 

 

Table 8 moves on to present the results of a question aimed at the next quality 

dimension, people. In the people quality dimension the quality of crowd workers 

and employees of the company are the relevant quality attributes. To this end, 

the question asked the respondent to determine how correlated the quality of 

these attributes is to the quality in their projects. The vast majority of the 

answers fell within the 4th quartile of the rating interval, with 90% of the 

answers. The lowest pick within the interval was the 7 rating. The results show 

that the population has a considerable belief in the quality of people who are 

involved in their project. The results also show that the quality of people is an 

important focus for the survey population.  

The next question aimed at exploring this importance and what drives it. Based 

on the theoretical framework and the experience the author gained from 

involvement in crowdsourcing projects, the most used techniques to insure the 

quality of crowd workers were examined within the survey. 
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    Do you use a selection process for crowd workers in you project? 

  

 

 

 

 

 

 

 

FIGURE 7. Use of crowd workers selection 
 

Figure 7 presents the results to the question aiming at examining the use of 

crowd workers selection by the survey population. Crowd worker selection is a 

quality control technique used in design-time of projects. The results show that 

a considerable portion of the respondent (81%) uses a selection process in the 

projects they are involved in. Consequently, crowd workers selection is an 

essential factor to consider during the pre-production stage of crowdsourcing 

projects.  

The next question was a branch question based on the answer the respondents 

picked. For the respondent that stated that they use a selection process, the 

next step was to examine the importance of the process to their projects and 

what it is based on.    

 

How important/effective the selection process is in your projects? 

 

 

 

 

 

 

 

 

 

 

FIGURE 8. Effectiveness and importance of selection 



39 

 

 

Figure 8 presents the results the branch question for the respondents that said 

that they use a selection process. The question aimed as evaluating how the 

survey population perceives the effectiveness and importance of the selection 

process. 81% of the answers stated that the selection process was extremely to 

somewhat effective and important. The results show that for most of the 

respondent the selection process is vital within their projects. However, a 

considerable portion of the population showed reserve on the importance and 

effectiveness of the selection process.  

  

What is the selection based on? 

 

 

 

 

 

 

 

 

 

 

 

Figure 9 shows the selection criteria that the respondents use. The criteria 

examination aims at identifying the main aspect that the survey population 

targets for the worker selection in their projects; which lays ground to further 

exploration and lays the foundation for the customisation of this crowd workers 

selection quality control technique. The results show a scattered distribution 

without clear trends; which is expected due the nature of the projects the survey 

population is involved in and their sub groups. Skill tests were; however, the 

most selected criterion with 36%. 

 

 

 

 

 

FIGURE 9. Selection criteria 
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During your projects, which of the following do you use to ensure the quality of the  

task at hand? 

 

 

 

 

 

 

 

 

 

Moving on to evaluating other quality control techniques, figure 10 presents the 

results for the survey question that aimed at evaluating the most used 

techniques by the survey population. The results show that the most used 

quality control techniques were the expert review with 25% and post-processing 

with 21%, and to a lesser extent ground truth 16%, peer review 11% and output 

agreement with around 10%. The results show that the survey population uses 

a variety of techniques in the projects they are involved in, this in itself does not 

tell much but lays ground to further analysis and exploration that the qualitative 

analysis will cover.  

 

  Please rank the following techniques in terms of effectiveness in ensuring quality, in                

  your experience. 

 

 

 

 

FIGURE 11. Ranking of the type of techniques 
 

Figure 11 shows the results of a ranking the survey population was asked to 

perform to determine which type of quality control techniques is most effective. 

The quality control techniques were grouped and explained in terms of the 

quality attribute they target and the general aspect they represent. The aim for 

this question is to examine which paradigm of quality control techniques is most 

Computational (Output agreement, gold 
standard, post-processing etc.) 

People (skill tests, scoring, incentive etc.) 

Review (Expert review, feedback, peer-review 
etc.) 
 

FIGURE 10. Quality control techniques 
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relevant for the survey population, and to lay ground to further analysis about 

the customisation of these techniques. The results showed that the 

computational quality control techniques are considered the most effective by 

the survey population (48% 1st ranking). However, the other two paradigms are 

also quite prominent. People quality control techniques were second in terms of 

first ranking, 35% of the respondent ranked these techniques in the first ranking. 

Review based quality control techniques were ranked second by 55% of 

respondent, showing the place of these techniques as supporting to the other 

types of methods.   

 

Crowdsourcing platforms suffer from attacks that affect the quality of the task at hand; the attacks 

can take the form of malicious software (bots) or malicious crowd members (collusion). Are such 

attacks prominent in the projects you are involved in? 

 

 

 

 

 

 

 

 

FIGURE 12. Crowdsourcing quality attacks 

 

The question for which the results are shown in figure 12 was aimed at 

examining how affected the survey population is by the malicious quality 

attacks. Malicious quality attacks on crowdsourcing platforms are an emerging 

trend so it was particularly intriguing to determine if the issue was prominent for 

the survey population. The results showed that a relatively considerable portion 

of the respondent is aware of such attacks and that these attacks are prominent 

within their projects. However, the majority of the respondent stated that 

malicious quality attacks are not prominent within their project. This lowered the 

subset of respondent who answered a couple of questions that aimed at 

elaborating on this trend. Depending on the answer of this question the 

questionnaire branched to two other questions elaborating on the 

crowdsourcing quality attacks. The subset of respondents was significantly less 



42 

 

and their answers were distributed evenly, not offering much insight into the 

examined aspects. The first question was about the type of attacks (bots/bot 

like software or collusion) the answers were ―50/50‖ for both types. The second 

question was checking if the attacks are handled or not and the majority of 

respondent stated that these attacks are handled. This portion of the survey did 

not give much insight into the examined aspect; hence, it is omitted from further 

analysis.  

 

 

4.2 Relational results 
 

To cover the relational aspect of the research questions, the relevant 

quantitative data from the above section is further analysed using cross 

tabulation and correlation analysis. The results further analysed are determined 

by the quality model and quality assurance framework defined in chapter 2.  

 

To determine how each target group perceived quality control, the first aspect to 

examine was the quality dimensions that set the quality model and what are the 

target dimensions per target group of the survey population. Using cross 

tabulation, taking the responses for the question ―What are the main quality 

target(s) in the projects you are involved in?‖ against the target groups of the 

survey population the following results were obtained.  

 

TABLE 9. Quality dimensions by target group 

Project Management Production Sourcing 

Data People 30.00% Data People 23.08% Data People 62.50% 

Data People Task 30.00% 
Data People 

Task 38.46% 
Data People 

Task 12.50% 

People Task 20.00% People 30.77% People Task 25.00% 

Data Task 10.00% Task  7.69% 

Data 10.00% 
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FIGURE 13. Quality dimensions distribution by target group 

 

From table 9, we observe that the different target groups of the survey agreed 

predominantly on picking combinations of quality dimensions as targets in their 

line of work. [Data and People] and [Data, People, and Task] combinations 

were picked by the target groups; consolidating the results of the descriptive 

analysis of the same question. However, looking into the results by target 

groups, noticeable differences emerged.  

 The project managers went for a 90% of answers picking some sort of 

combination of dimensions. This 90% was distributed mainly between two 

combinations of [Data and People] and [People and Task]; with the 

combination of the all three dimensions also included in the majority. The 

results for this group show that Project managers seems to be concerned 

with the different quality dimensions associated with quality control, with 

differences in which ones are more important to them. This can be 

explained by the nature of their line of work where they need to cover all, or 

the most important, aspects of quality in their projects depending on the 

type of project. 10% of the project manager picked data as the main quality 
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target for their project; this was not surprising given the nature of AI projects 

that rely heavily on data.  

 The production team went also for a majority of answers stating a 

combination of dimensions as their quality targets. Similar to the project 

managers the production team went for a majority of [People and Data] and 

all dimensions combinations (61.5%). However, 30.7% of respondent 

choose [People] as the main quality target in their project. This was a 

surprising result and one that was not as clearly reflected in the descriptive 

results of the general population. The interpretation of this result can be 

drawn again from the nature of the production team work. Given that a 

large portion of their work revolves around coordination, the characteristics 

of people involved in the project holds a significant importance; the better 

the people you are coordinating the better your work is. 

 The sourcing team followed the same trend of the descriptive analysis of 

the aspect at hand. The majority went for the same combinations as the two 

other target groups. However, this group went entirely for combinations of 

dimensions unlike the other two groups who had portions picking only one 

dimension as their target. 62.5% of the respondents of this group picked the 

combination of [Data and people] and 25% for the combination of [Data and 

task]. The interpretation of these peculiar results can be explained by the 

nature of the sourcing activity. Sourcing relies on a sourcing basis which 

can be either the data goals of the project or the task goals of project. For 

the data, an example of the [Data and People] combination can be that the 

sourcing request is based on output accuracy based on the input which is 

reflected on the quality of the desired people for the project (Benatallah et 

al., 2013). For the [People and Task] combination, the example would be 

that people required for the project need to meet a certain throughput 

threshold that determines their suitability for the task (Benatallah et al., 

2013) 

 

The relational analysis of the above aspect tackled (the quality dimensions 

perception per target group) and showed more details and more insight. All 

groups are aware of the importance of the different dimensions and their 

contribution to the quality of the operations. However, due the nature of the 

work focus of each group they favoured some dimensions to others.  
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The next aspect tackled was determining what the most used techniques were 

for each of the target groups. Cross-tabulation was again used to determine the 

distribution of the selected the quality control techniques by each group. Figure 

14 presents the findings. 

 

     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The results show a varied distribution for each of groups. The patterns observed 

from the descriptive analysis for the same aspect for the general population still 

held, with the most used techniques being expert review, post-processing, and 

ground truth. However, the relational analysis showcased in figure 14 shows 

slight variance in the distribution per group. The project managers mostly picked 

expert review, ground truth and post-processing; the production team added to 

that feedback and introduced rating; while the sourcing team favoured expert 

review over the other techniques. This can be interpreted by the observation 

that the used techniques are circumstantial and situational. The teams use 

different techniques for different projects and at different stages of the project.    

FIGURE 14. Quality control techniques per target group 
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The next aspect the relational analysis targets is the correlation between quality 

attributes and the used techniques. To this end, and to focus the analysis, the 

correlations between the most selected best result-yielding quality control 

techniques and the corresponding quality attributes (quality dimensions) are 

examined.  

Since the two variables are not increasing or decreasing and they are not 

numerical, data was simplified to binary values. The first variable represented 

the examined quality dimension or quality attribute and had binary values of 0 

and 1 representing the choice (either picked or not) of the dimension or attribute 

by the respondent. Similarly, the selection of the quality techniques is 

represented by 0 or 1 for each of the respondent.    

The most suitable technique to analyse such data was to use cross tabulation to 

generate a contingency table representing the variables (Woodley, 2004; 

Medium, 2018). To determine the strength of the association between the two 

variables (Medium, 2018), a Phi co-efficient was calculated from the 

contingency table with an online Phi calculator (Statology, 2020). The following 

are the results.  

 

[People] & Selection   [Data People] & Expert review 

  

 

  

 

 

[Data Task] & Post-processing  [Data Task] & Ground truth 

 

 

 

 

 

 

 

 

FIGURE 15. Correlation between quality control techniques and dimensions 
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Going over the results presented in figure 15, the first general impression is that 

there is a positive relationship between the quality dimensions and attributes 

and the used quality control techniques.  All the examined techniques and 

quality attributes and dimensions showed a positive Phi co-efficient. The values, 

however, differed from examination to examination. The values of the Phi co-

efficient are in a range between +1 (perfect positive relation) and -1(perfect 

negative relation) the values are further distributed on the range to draw 

interpretations (Statistics how to, 2020). The values obtained and showcased in 

figure 15, fell within three of the defined ranges (Full range in Appendix 2): 

 [+.01 to +.19]  -> no or negligible relation 

 [+.20 to +.29] -> weak positive relationship 

 [+.30 to +.39] -> Moderate positive relationship 

 

The use of the selection process in correlation with the people quality dimension 

and attribute had a co-efficient of 0.03 indicating no or negligible relation. This 

can be interpreted by the fact that the selection process was a special case 

among the quality control techniques examined in the survey. Selection of 

crowd workers is one of the most used techniques; the majority of project use 

some sort of a selection process in one form or the other (81% from the 

descriptive analysis stated that they use a selection process). Hence, the 

association to a certain quality dimension produced a week relation.  

 

The rest of the examinations fell within the weak to moderate positive 

relationships, consolidating the observation of the existence of a relationship 

between the quality dimensions and the used quality control techniques.  

 

The high level aim of this analysis was to establish how associated are the line 

of work of the survey population and what they use to ensure quality. The 

quality dimensions and target quality attributes are influenced by the nature of 

the work and the type of projects, and now with perceived positive relation it 

seems that the choice of techniques is also dictated by the nature of the work 

and the type of projects.  
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4.3 Qualitative results  

 

The survey included a couple of open-ended question that aimed at gaining 

more insight into the experience of the survey population with quality control.  

The questions targeted different aspects of the quality model defined in the 

theoretical framework.  The aim was at gaining more insight into how the 

respondents perceive these components, and what was their experience with 

such. In addition, the questions targeted the aspects that are not quantifiable 

and that were shown to be very important to quality control from the literature.  

 

To conduct a qualitative research on the open-ended question, and as 

explained in section 3.2.5 a content analysis was carried out.  

The themes were pre-defined from the literature review. The following is the list 

of themes that were used to code the textual data:  

 Preparation 

 Definition 

 Selection 

 Feedback 

 Computational 

 Software 

 Review 

 Compensation and Incentive 

 Combination 

 

After cleaning the data of noise and incomplete or irrelevant answers, the 

answers were coded with the above themes. This was achieved by author own 

reading of the answer, which was only possible due to the number of 

respondents; otherwise, more advanced textual analysis tools would have been 

needed.  After reading each of the answers the corresponding theme or themes 

were marked in the corresponding column. Columns were added with emerging 

themes from the answers and marked as well. (Racer, 2017) 

Ultimately, the above coding led to a better understanding of the examined 

aspects as well as to quantitative data that can be visualised and analysed 

statistically. The following are the results.  
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TABLE 10. Textual analysis for qualitative questions 

Theme %  

Selection 39.02% 

Preparation 36.59% 

Feedback 34.15% 

Definition 34.15% 

Computational 31.71% 

Compensation and incentive 29.27% 

Review 26.83% 

Software and tool 26.83% 

Combination 19.51% 

Motivation 17.07% 

Effective communication 17.07% 

Community management 14.63% 

Team 14.63% 

Training 12.20% 

Customer involvement 7.32% 

Complexity  7.32% 

Amount of work 4.88% 

Future opportunities 2.44% 
 

 Emerging trends 

 

Table 10 represents the results of the coding applied on the answers of the 

respondents of the open-ended questions of the survey. The results are 

quantified and percentages are computed to give insight into what most of the 

answers referred to. The results consolidated the findings of the basic research 

and the quantitative results. The most used and the best results-yielding 

techniques and targeted attributes are significantly represented in the narratives 

from the survey population‘s experiences. The qualitative answers allowed the 

respondents also to emphasise the importance of combinations of quality 

attributes and quality control techniques to achieve and maintain overall quality.  

The most intriguing part of the results was the emerging themes from the 

analysis of the qualitative question. A considerable portion of the answers 

brought more insight into quality components that are not covered or partially 

covered in the examined quality model; components originating from the 

experience of the survey population and the real world situation that they deal 

with within their line of work. The emerging themes were kept record of and 

were colour coded in table 10. Themes such as the motivation of the crowd 

workers, training the workers and the team, and effective communication are 

considerable additions to the outcomes of the research. Above all, community 
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management was mentioned by a couple of respondent using different terms. 

Community management includes all the aspects that this research is 

examining. It is the ultimate outcome of such study, and what this work is 

referring to as the quality assurance strategy. The mention of this within the 

open-ended answers did not come as a surprise knowing the experience of the 

survey population and their familiarity with the quality control in crowdsourcing 

platforms.  

 

The qualitative results consolidated the findings from the descriptive quantitative 

and the relational results. It showed the importance of quality assurance within 

the practical setting of the presented work, the circumstantial and situational 

nature of the quality attributes and quality control techniques selection, and 

confirmed the familiarity with the best result-yielding techniques. Moreover, and 

most importantly, the analysis of the qualitative brought more insight into the 

real world application of quality control and confirmed the need for an integrated 

quality assurance strategy.  
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5 OUTCOMES AND SUGGESTIONS 
 

 

The results of the quantitative and the qualitative research provided insight and 

gained new knowledge on the aspects listed as the basis of the hypothesis of 

the presented work. The literature review covered the basic aspect of the 

research and answered the descriptive research question this work tackled.  

The findings were examined and consolidated by the practical aspect of the 

research. First by the quantitative results presentation and analysis; and the 

new knowledge gained using the relational analysis of the quantitative results.  

Then by the qualitative analysis which elaborated on the findings and gained 

more insight into the real world applications of the studied aspects. The main 

outcomes of the research are the following:  

 

 Quality assurance is very important in crowdsourcing platforms 

 The used quality control techniques are situational and circumstantial. 

They are dictated by the project requirements, the stage of the project 

they are applied on, and the people applying them. However, there are 

techniques that are common no matter the project or the setting.  

 The different groups of targeted employees involved in crowdsourcing 

project perceive quality differently depending on their line of work. 

However, they are aware of the basis of quality in this type of projects.  

 Often quality control techniques are used in combinations to cover 

project specific aspects. 

 Real-life situations require the implementation of processes that caters 

to flexibility and adaptability.  

 The need for an integrated quality assurance strategy that will cover all 

aspects of quality in crowdsourcing.  
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5.1 Quality assurance strategy 
 

Developing a quality assurance strategy is a huge exercise and the scope of the 

current work cannot cover all of it. However, the author chose to present the 

basis for this strategy within the current work as it is one of the main and most 

interesting outcomes. The proposed strategy will rely on basic examined quality 

components and processes that support those components.  

 

The strategy would involve three different stages of crowdsourcing projects.  

 Design-time 

o Study the quality needs per project and align the needs with 

companywide quality requirements.  

o Involve all the different groups (Project management, production, 

sourcing and other) in the early stages of the project. 

o Establish monitoring and control plans for the quality needs of each 

project. 

o Establish a risk management plan to allocate for quality associated risks 

and define a contingency plan. 

o Study compensation plans for crowd workers based on available data of 

worker retention and worker feedback from other project (if not existent 

start recording it). 

o Design the selection process based on the quality needs. 

o Define and prepare the task thoroughly.  

o Lower the complexity of the tasks to be sent to the crowd when possible.  

o Design the computational processes to support the quality needs. 

o Evaluate the software and the tools to be used.  

 Runtime  

o Execute the monitoring and control plans. 

o Teams to provide effective and frequent feedback to the crowd workers. 

o Re-evaluate quality contingency plans based on the running of the 

project. 

o Evaluate the effectiveness of the computational processes. 

o Manage the community and allow for process flexibility and adaptability 

to adjust for emerging quality needs or issues. 
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 Post-delivery 

o Record the quality needs. 

o Record metrics about the effectiveness of the computational processes. 

o Record metrics about the workers motivation, performance and retention. 

o Record the emerging trends concerning quality. 

 

The above points are just a basis for a quality assurance strategy based on the 

analysis of the results and outcomes of the presented work. The actual strategy 

will have to account for a multitude of other factors such as cost and resource 

effectiveness, profitability etc.  
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6 CONCLUSIONS 
 

 

6.1 Summary  
 

The presented work tackled the question of quality control in crowdsourcing. 

Crowdsourcing is a business model based on outsourcing tasks that would 

traditionally be carried out by employees of the company to a larger group of 

crowd workers that are suitable to perform the task. The paradigm has a 

multitude of applications within the modern digital business and takes 

advantage of the modern communication mediums to enrich the talent pool, 

reduce cost and improve availability and reach. However, the main concern of 

this paradigm is quality control.  

 

This research approached this concern and started by examining 

crowdsourcing and what constitutes quality in a crowdsourcing operation. The 

research then established a solid theoretical framework by covering the state-

of-art literature on the subject. The quality components were defined in terms of 

a quality model that laid ground to quality dimensions and quality attributes 

targeted in crowdsourcing projects. 

 

Based on the defined quality model, quality control techniques were examined 

and the most used best result-yielding ones selected to set basis for the 

hypothesis the practical aspect of the research examined. To this end, a 

quantitative research evaluated the selected components by examining them 

within a practical setting by conducting a survey on a selected population of the 

author‘s current employer. The quantitative research first examined the 

quantifiable aspects and explained the findings.  Then, used relational research 

to further elaborate on the descriptive findings by evaluating associations 

between the components and the different perspectives different groups within 

the population had on the components. The survey also included qualitative 

measures aimed at gaining more insight into the real world applications and 

perceptions on the examined components. The research carried out a simplified 

qualitative analysis gaining additional insight. 
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The research outcomes answered the research questions and concluded on the 

components of the hypothesis. The outcomes confirmed the importance of 

quality control in crowdsourcing, confirmed the use of the best-result yielding 

quality control techniques and concluded on the correlation of component of the 

quality model of crowdsourcing operations. In addition, the outcomes concluded 

the circumstantiality of the used techniques and their association with the types 

of projects they are applied to. Ultimately, the research concluded on the need 

for a quality assurance strategy within crowdsourcing operations and set basis 

of said strategy with few theoretical points. 

 

 

6.2 Research limitations 
 
This research laid basis to quality assurance in crowdsourcing, which is a major 

exercise. The research focused on establishing a theoretical framework for the 

quality and evaluating some its components within a practical setting. However, 

the topic is broader than this and would require further effort.  

 
As demonstrated, quality control techniques are varied and they depend on the 

task at hand. Given the nature of projects using the crowdsourcing paradigm, 

the techniques are varied and require customisation. In addition, within the 

scope of the current work, only the techniques relevant to a certain type of 

projects were considered. However, crowdsourcing projects can cover other 

types of project with different requirements and different needs. For example, 

voluntary crowd projects that do not involve monetary compensation would 

have a different quality model and different quality control techniques.  

 
Another limitation was the number of participants in the survey due to the size 

of the target population; which limited to some extent the research. With a larger 

population and more inclusive target groups some of the quantitative and 

qualitative examinations would have been more accurate.  

 
Some of the quantitative measures only provided observations and did not 

provide more detailed and rich analytical basis. This was due to the scope of 

the work and the number of answers obtained; another elaborative round of 

surveying would have shed more light into those aspects.  
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6.3 Future work and perspectives 
 

As stated, this work is a basis for a much larger exercise. The next steps will 

start by presenting the findings to other concerned parties of the author‘s 

employer. Get their feedback on the initial findings and initiate discussions on 

the outcomes of the research. Then, conduct interviews with program managers 

to formulate the quality assurance strategy taking into consideration costs, 

resources and profitability of the proposed strategy. The work will carry on to 

applying the formulated strategy within a simulation project and evaluate the 

outcomes. Adjustments will have to be made and the organisational changes 

associated with such strategy will have to be evaluated and formulated.  

 

Another perspective for the presented work is improving the examinations and 

extending the findings by conducting more in-depth interviews to make the 

outcomes more inclusive. Including more employees from higher management 

would provide a more strategic perspective that will help formulate a more 

complete quality assurance strategy. Reaching out to crowd worker would also 

be a possible lead providing a more practical perspective on the examined 

aspects and would enrich the research and improve the outcomes. 

 

Crowdsourcing is still considered as young business model given the extent to 

which is it being used in modern business. Quality assurance within this 

paradigm is a very rich subject and one that is sought after. Consequently, the 

prospects for further development of such work are limitless. With the 

increasing interest in the topic and the advantages it offers in the transforming 

current digital business, the current work can be extended to cover more 

inclusively and more in-depth the approached concepts.   
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Appendix 2. Phi co-efficient interpretation scale 


