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Abstract
Crowd computing becomes increasingly popular nowadays to Internet users. It has been chosen as distributed processing mechanism to
solve computing problems which offer less policy but better business. Some of advantages in using the crowd computing are significant
in time and cost used. In the crowd computing, the users’ tasks are completed by crowd workers. These workers have different skill,
knowledge and style in finishing the task that allocated to them. Satisfaction on the completing the tasks is really challenging to measure
in the crowdsourcing due to its dynamic environment. Furthermore, it is raised when behaviour or commitments of crowd-workers in
providing services are started to query, either it can be trusted or not. In this work, a Bayesian probability model utilized to assess workers reliability in crowd computing is proposed. Specifically, we formulate trust factor by using the Bayesian model for indicating the
reliability of the available workers in crowdsourcing platform. The process of prediction and hypothesis of workers’ commitment are
identified to relate with the crowd-sourced computing system. We designed the significant behavioural factors to measure the workers
performance towards user satisfaction. We then developed an automation measurement system that used to verify Bayesian formulation
towards workers performance. The web-based automation system is able to identify the workers’ reliability values according to the input/response from the users. Optimistically, by using Bayesian probability model provides guidelines for designing trustworthy system in
crowd sourcing platform.
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1. Introduction
Crowdsourcing systems, in which tasks are electronically distributed to numerous “information piece-workers”, have emerged as
an effective paradigm for solving of computing problems in several domains. The crowdsourcing platform becomes popular because
people believe this approach can be a medium for human-powered
problem solving. In computer science context, the crowdsourcing
is combination word between “crowd” and “source” that means
tasks/works accomplished by crowd of people via Internet. Hence,
the “crowd” and “source” is specifically can be seen from two
different perspectives i.e. the users and workers. From the users
viewpoint, their tasks are been completed by the crowd workers in
the form of crowd computing. Currently the crowd computing is
being used for processing in distributed way with real time tasks
such as image classification, video annotation, form data entry,
optical character recognition, translation, recommendation, and
proofreading [1-3].
Crowd computing is involved three components namely users,
workers and crowdsourcing system. The users may issue task on
the crowdsourcing systems through the website with precise requirements/deadline and some reward. Once workers read and
understand the given task and committed to complete it, they will
bid to get the task and execute it diligently. The quality of worker’s finish task is significant to the users. In crowd computing,
there is no employee-employer relationship between users and
worker like the traditional organization or company.
The worker is anonymous where the users have no idea who they
deal with but they expect to get the accurate result within expected

time. Meanwhile, the crowdsourcing system presents as policy
management where it received the users’ requests, find the suitable workers and give payment to the worker who has completed
the task [4]. The popular crowdsourcing platform includes Amazon Mechanical Turk [5], Crowd Flower [6], and Zen Crowd [7] .
The crowdsourcing resources or workers used and been hired to
solve users’ problems and able to process large scale of data [2, 8].
It can be a medium for the workers to earn reward or profit. In the
using of crowd computing for completing the tasks, it involved
several objectives for example to maintain good reputation of
workers for making the crowd users efficiently interact and complimentary the crowdsourcing system. Every user’s task basically
needed to be executed by the workers and the payment is given
according to the result of execution. The results can be expressed
in successful execution time, resource utilization and minimum
waiting time. However, it is not an easy to determine the correctness of the result. The crowd computing needs to verify and crosscheck each result after the workers return the tasks. If the results
able to meet users’ requirements, it then considered the workers
have improved their processing reputation. It looks simple scheduling roles, but in reality it is hard to determine the accuracy of
services in crowdsourcing [6].
The reliability challenge in crowdsourcing is important due to
every task that has been delivered back to the crowd users must be
in good quality in regards Service Level Agreement (SLA) [4, 9].
However, there are many factors that affect reliability towards the
workers performance. Specifically, the workers that completed the
tasks are varies in regards their attitude, knowledge, region and
capability. The distances and network medium that used by the
workers, and scheduling strategy are also another issue that needs

Copyright © 2018 Authors. This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work is properly cited.

448

to take into account. From the users’ perspectives, it is expected
that once the tasks are been assigned to the workers, they should
get the results as per agreed in SLA. The task requirements, on the
other hand, are varies and dynamic in terms of characteristics and
features. Therefore, the workers’ reliability becomes a critical
issue in crowdsourcing for satisfying the crowd-users.
An effective measurement technique is required to estimate the
workers’ reliability in order to execute the users’ tasks. This work
developed reliability measurement towards workers that participant in crowdsourcing by using probability model. It aims to evaluate the level of trustworthy in crowd computing. Specifically, we
studied about the factors that affected the workers’ performance
and how the factors able to measure the reliability of the worker.
The remainder of this paper is organized as follows. Section 2
describes related work on reliability in crowdsourcing and other
works that used Bayesian in crowd-sourced computing. Section 3
details the models used in the paper. Our Bayesian model for
worker reliability is presented in Section 4. The automation system for online measurement is presented in Section 5. Finally,
Section 6 concludes the paper.

2. Literature Review
Generally, the crowd computing system comes into the picture
when the crowdsourcing system received the task from the task
provider. Once the crowdsourcing received the task, it will break
the task into a smaller task and invites the crowd workers to participate in completing the task [4]. The crowd computing system is
then assigned the sub task to the crowd worker. Once the task is
completed, the crowdsourcing is responsible to collect the tasks
[1]. The system is verified and validated whether the task meets
the users’ requirements. If the task workers unable to complete the
tasks or the tasks are not completely done, then crowdsourcing reassign the tasks to other crowd workers. In the other hand, if the
completion of tasks satisfied and met the users’ requirements, the
system then begin to process the payment/reward for the crowd
worker [9]. The task is then integrated and return to task provider.
The reliability of the crowdsourcing is the popular topic today
among the crowdsourcing users. The authors in [8] mentioned that
the obstacle in the crowdsourcing platform lies in the problem of
information veracity. For example, the individual workers might
not be reliable due to several factors. Once the crowd users put the
tasks to the crowdsourcing platforms, the users do not know who
is solving the work, either the workers had a good or bad criteria.
Such criterion is important due to it can reflect directly on quality
of results/outcomes. The authors in [3] discussed about distributing tasks in the crowdsourcing platform. They highlighted that
the crowd users should investigated the workers by giving several
questions related to topic-specific expertise and attitude of workers to measure the level of their commitment. It is one of the approaches in order to get the reliable information from the workers.
The topical-influence perspective that discussed in [10] is the
close factor to indicate the level of commitment in the participant
workers. The crowd users may not make observations independently, but instead, they may be influenced by others when
making decisions. The existence of user influence may greatly
affect the truth discovery procedure stated by [8] [2]. They also
claimed that if only have the requirement to identify the reliability
of crowdsourcing, it is still not enough to prove it. The authors in
[10] proposed scaling technique for evaluating data quality and
worker performance in crowdsourcing. Meanwhile, the authors in
[7] measured the reliability of the crowdsourcing by using the
combination manual matching. Their algorithms are related to the
performance of the workers in delivering the outcome to users.
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The solution systematizes and automatizes through manual matching by dynamically creating micro matching tasks, and publishing
them on a popular crowdsourcing platform. The authors in [11]
addressed the problem of poor human workers reliability due to
redundancy in completing the tasks. It happen when the platform
randomly assigning the same task to multiple workers. They proposed the crowdsourcing applications Boolean Crowd technique
to avoid such redundancy happened. It is due to the task redundancy will lead to poor quality data.
The probability model is a suitable method to understand and describe the information in detail. It facilitates step by step procedures from the random scenarios towards the most suitable answer
[12]. Due to heterogeneous criteria of crowd workers in the
crowdsourcing platform, it is required to assess them using concept of hypotheses. It is due to the workers is dynamically joined
and leaved the platform that makes it hard to accurately determine
their behaviours. Bayesian rules are the best probability model for
verifying and analysing dynamic and big data such as in the
crowdsourcing [12,13]. Such rules can be used to predict the behaviour of the workers then identify prospect value to ensure the
reliability in the crowdsourcing. The authors in [3] used the probability measurement to guide and make the justification for finding the correct/reliable workers in crowdsourcing.
In [14], they proposed the community-based Bayesian label aggregation model for identifying appropriate worker to be matched
with the tasks. It assumed that crowd workers belong to a certain
community and conform to the identified types. Each type represents a group of workers with similar confusion matrices. Such
matrices have the key latent features are (i) the confusion matrix
of each community, (ii) the community membership of each user,
and (iii) the aggregated label of each item. Even though they do
not highlight the reliability issue, the label aggregation model
from Bayesian can be enhanced to meet certain trust feature. The
author in [2] presented the incremental Bayesian model to accommodate the effective crowd size and data quality for consensus labelling. They poses two unaddressed challenges for consensus models of crowdsourcing are (i) the large number of potential
species makes classiﬁcation difﬁcult, and (ii) limited crowd availability and the lack of relevant skills among the general public.
Their incremental Bayesian model minimizes crowd size by reevaluating the quality of the consensus label. Some of factor that
they considered are the cost, scarce responses and feedback in a
timely fashion. The authors in [13] presented the informationtheoretic approach for matching and scheduling the tasks into the
right agents (workers) using a Bayesian method. In the selection
criteria, they proposed the automated algorithm for selecting a
cohort of agents (workers) to complete informative tasks, hiring
new members of the cohort and identifying those members whose
services are no longer needed. Such selection factors improve the
accuracy of scheduling decisions while requiring fewer responses
from the crowd. In this work, we utilized Bayesian rules for determining value trust of available workers according to several
possible factors from the users’ responses.

3. The Models
In our system model, we aggregate there main entities in the
crowdsourcing environment are workers, crowd computing (as the
platform) and tasks/sources (Figure 1). The probabilistic model
will be added inside crowd computing to formulate the reliability
level of workers. Task scheduling strategy is not been considered
in this work; where only information about previous processing/performance are used for evaluating process.
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Fig. 1: System Model

Basically, probability model is the mathematical representation
from random situation that associated with an event. It describes
on how to understand inference about hypotheses from source
data. Meanwhile, the Bayesian theorem (Figure 2) represents formation of probability according to the both hypothesis and actual
events. The constant A means hypothesis that we make from the
actual data, while B representing the actual data. The P(A|B)
means to find the combination between the hypothesis and the
actual data. The P(B|A) is conditional probability that occurs when
certain data is been analysed. P(A) is the probability of data that
required to find; where it refers the reliable behaviour in this work.
The P(B) refers to all the actual data combination. The generation
between actual data and expression will produce a probability
value. By using the hypothesis from actual events and make a
good prediction from that, it able to give an accurate result. Hence,
we employed the Bayes model to determine the reliable value for
the participant workers in the crowdsourcing according to the
behavioural factors where it represents the hypotheses in our
study.
In this work, we utilized the Bayes rules as the probability model
to measure reliability in workers. Specifically, the Bayes rules is
used to collect and describe the probability of worker’s behaviour
from the random events to achieve actual condition of the event
[10, 15]. There are two significant processes in defining the workers behaviours in our work are hypothesis and prediction that can
be formulated as a set of inference. The Bayes rules are suitable to
solve a large and complex data like crowdsourcing for finding
trust value of workers.

Fig. 2: Bayesian theorem

Specifically, we identified several factors that based crowd computing condition. It is assumed that each worker that participant in
the platform is required to give their commitment in completing
the tasks. That means the workers cannot leave the platform before they finish executing the tasks. The workers behaviours/factors play an important role in the crowdsourcing platform
because worker comes from different side of connection where
many probability events can happen. So it is effective to find either the workers in crowdsourcing platform are reliable or not by
using factor as element of event. The choosing of the factors for
find the workers’ reliability is based of study in the crowdsourcing
nowadays [2, 8, 9]. In this work, we have been finalise four factors
of worker which is the requirement for supporting the condition of
event.
•
First factor : Attitude of the worker.
•
Second factor: Topical influence by the worker.
•
Third factor : The effected by cost and distance
•
Fourth factor : Task completion time
The first factor is the attitude of the worker. It indicates either the
worker provides correct or fake information of itself. The second
factor is topical influence. It refers on how the topic or subject that
given to the worker had been influence on the results. It is because
the workers capability or knowledge is not the same where some
workers find the tasks are easy to solve while others experiencing
it difficult. The third factor is cost and distance. The factors refers
to the distance of the worker within the crowd source located and
how it can be affected the results. These factors needed to be considered due to network connection is explicitly involved in crowd
computing. Hence, the distance for transmitted tasks and results
are much affected by communication links and signals that might
leads to increase waiting time and packet dropped. The final factor
is time completion. This time or duration for completing the task
execution is determining by the source requirements (i.e., priority,
due date). The identified factors aims to assess the workers in
terms of successfully completing the users’ tasks. By assessing the
workers through the factors, we then concluded with the value of
trust state. It means on how much considerably the crowd users
trusted in the available workers in completing the tasks.

4. Bayesian Model for Worker Reliability
In this section, it describes in details the process of the Bayesian
as a probability model. Further, we describe in the details on evaluating the value trust towards the workers using the Bayes rules.

4.1. Designing the Probability Model
There are four main procedures for designing the prediction and
hypothesis in the probability model as in Figure 3. In the first
procedure, all related factors are identified and collected. In the
crowdsourcing there are many factors used to measure the worker
performance such as reliability, availability and performance [1,
3]. Therefore, in order to design probability model, the fixed factors needed to be identified for achieving accurate results. Furthermore, the probability element in crowdsourcing such as the
number of arrival tasks and criteria of task requirements also is
important to study due to the precise assumptions are necessity to
identify for better-quality formularization.
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Table 1: Level of Trustworthy
Prediction/Hypothesis
A reliable worker that leads good results, e.g., satisfies the
users.
A reliable worker, but not all results able to satisfy the
users.
A not reliable worker that leads to very weak trust and
unable to satisfy the users.

We use user satisfaction as indicator of the level of trust (Table 1)
because the users are the main entity in crowdsourcing platform.
Note that without users’ contribution the crowdsourcing platform
will not be used in distributed computing system. Normally, the
available workers in crowdsourcing can be trusted and able to
complete the users’ tasks. However due to the results do not meet
users’ requirements e.g., missed deadline and error formatting
makes the worker is unpopular and unreliable to be chosen.
The users provide feedback according to the service that deliver
by the workers to judge the workers performance. Such providing
response activity refers the event. There are good events where the
users satisfy with the service and poor event when the service not
satisfies them. In response to that, we employed the level of trust
according to hypothesis that made suitable with the worker behaviour in crowdsourcing (Table 1).
4.2.2. Second step
Fig. 2: Steps in designing probability model

In this work, we defined worker reliability based on the four factors that mentioned in Section 3. Basically, all factors aims to
meet users’ requirements while improving user satisfaction towards crowdsourcing. The input of those factors is assumed gathered after the users received their completed tasks. The available
workers in the platform are assumed capable to complete any type
of tasks from users. The mapping mechanism used between the
tasks and the workers is not considered in this work. The hypothesis and prediction process in designing our probability model is
gained from the number of event in the crowdsourcing. Basically,
the event can be process from task arrival, task departure and
scheduling. However, in this work, we only focus on the feedback
event from the users. Such even is received by the platform after
the tasks are completed. Due to there are no limitation of giving
the feedback towards the workers, it might be a user judged the
workers for more than one time. It is also assumed that the feedbacks from one user to another are different and divergent. The
probability model using Bayes rules is then tested using automation system. The system aims to test the quality of probability
towards worker reliability by exercising the above-mentioned
system model (Section 3).

After list the requirements are identified, the Bayes mathematical
formula comes into the picture for processing the prediction and
hypothesis from the available requirements. In this step, in order
to achieve the reliability there are many probability events needed
to execute and manipulate. It is because by using a lot of events, it
can help in finding the accurate calculation. Hence, in our testing
system we have set many possibilities comments/responses from
the users in order to get accurate results. The event is a scenario
where the users provide their satisfaction level towards the factors
by giving a particular value for every requirement or factor. It
means that the higher number of event on the same workers is
more reliable response compared than justification from few numbers of users.
Value of trust
(system view for end user)
Value of trust
(process in mathematical view)

4.2.1. First step
In the first step, the requirement (data) or the criteria (factor) that
related to the event are collected. We compile all necessity information and data from our reading about crowd-sourced computing
environment [1, 2, 5]. In concluded, we identified four factors that
most affected to the worker performance. They are according to
worker attitude (F1), topical influence (F2), cost and distance (F3)
and completion time (F4). Such factors are important in
crowdsourcing due to the user satisfaction is the most demanded
in the platform. Hence, capability for the workers to meet the
deadline and successfully execute the tasks is significant performance in crowd computing.

2

3

4

5

0.1

0.2

0.3

0.4

0..5

Reliability improvement
Fig. 3: Value of trust

4.2. Assessing the workers
In designing the probability model, it involved several steps of
mathematical process, as follows.

1

Each condition (factor) is measured using scaling system and each
scale consists of certain weightage. Specifically, the scale is designed from 1 to 5 where 1 represents as 0.1 and increased by 0.1
until 0.5 for the scale of 5 (Figure 4). The users will be responded
to the worker performance according to the scale in all our four
factors. Then, an average of weightage/value of the worker is generated. Such division process (i.e., ∑ TRe / CV) represents the
factor value for a worker w. Due to there are merely 4 factors,
hence CV is always equal to 4.

Calculation 1in Step 2
a. Fe = F1 + F2 + F3 + F4; F is total value of factor at each event e
b. Te = Fe / CV; the summation of total factor value for a
worker w is divided by CV
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4.3.3. Third step
In the third step, it is proceed with multiplication and division
processes to get a final value of reliability. We show each calculation process in the following figure. Specifically, we measure the
probability of worker reliability according to the number of event.
As mentioned before this, the event represents the input by the
users in terms of response or feedback. There are probabilities that
the same users give several responses to the same worker. Therefore, the reliability of workers, P (T) towardsresponse from the
users, e can be formulated as follows.

Analyse and use
the all requirement
from the probability model

Planning the best
criteria of worker
to quantify the
level of reliability
in the crowdsourcing

Calculation 1 in Step 3
a.

2

P(T) = P(Te1) P(e) + P(Te2 ) P(e) + P(Te3) P(e) + P(Te4) P(e)
+ P(Te5) P(e) + ……… + P(Ten) P(e)
Deployment
phase to check
either the system
functionality or
not

where;
P(T) = Probability on how many events has been response to the
listed factors for one individual worker
T e1, …, T en = Total factor value in each event; from event 1 until
event n.
P(e) = Probability number of event.
(For example: if there are 4 events involved in measuring the worker then P(e) represents

¼)

1
3

Maintenance the system

Fig. 4: Agile development model phases

By referring the Bayes rule, the constant A and B are reflecting to
each other. It means that if there are 80% of users give good response (high factor value) to the worker, than it is assumed 20%
of them does not gives favourable feedback. From this indication,
the probability P(A|B) refers a comparison made among the
events where a factor of trust and not trust is been identified. The
average of satisfaction from the good events then is calculated and
represents P(B|A). Meanwhile, the P(B) is the total average of
satisfaction from all events either they are good or poor events.
Details on the formula and its operation are given as below.
Calculation 2 in Step 3
b.

P (A |B) = P(B |A) . P(A)
P (B)

where;
P (B|A) = The criteria comparison for identifying rate of event that
gives good response compared than the negative one.
P(A) = P(T)
P(B) = The total of data hypothesis that received at P(B|A) from the
reliable and non-reliable event calculation

5. Automation System for Online Assessment
The automation system aims to verify the evaluation process of
worker performance through online. Our prototype system required the users to measure the quality of services that provided
by the workers. Note that the users are merely allowed to use the
measurement system when they are registered as users where they
sent the tasks to the platform. Otherwise they are not allowed to
judge the workers in the crowd-sourced computing.

The methodology used in developing the automation system is
Agile System Model. The agile model is able to quantify the level
of reliability in workers because the model has sufficient function
in order to assess the worker reliability before proceed to another
phase. Basically, there are five main phases in the agile development model. In the first phase, all requirements from the probability model are identified and classified. It is important to clearly
analyze the requirements that suitable for the crowd source for
evaluating the worker reliability. The second phase we did in
depth planning on requirement selection to be input into the automation system. Due to the automation system aims to be used by
the crowd users that demand for easy to use and friendly system,
hence the well plan requirements (criteria) in the system must in
presentable way.
In the third phase is where the interface design took place. We
design a user-friendly interface and the automation system using
web-based application (Figure 6). It uses PHP to do calculations
that rely on our designed probabilistic model. Our simple web
based application leads to ease of use by the crowd users. Specifically, the user will be required entering the value or by using the
button clicked for each scale. There are scales given for each criteria that following the four factors; mentioned in Section 3. The
users clicked the value for each factor then submitted for the
worker’s trust value. The value of trust for the worker indicates its
reliability. Due to the tasks might be processed by more than one
worker, so the users needed to measure all respective workers. The
result is then will be displayed when the user submit their worker
assessment stage. The process flow of user input shows in the
Figure 7.
Table 2: Test Setting
Item
Number of Worker
Number of users
Max. worker per user

Setting
20
60
2 to 10

The fourth phase is the important stage in the development of
reliable system where the process of validation of Bayesian prob-
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ability model takes place. There is iteration count in confirming
the model able to calculate the trust value of the respective workers. It is also fixed and matched process in phase four that regards
the process of adopt the Bayesian model in crowdsourcing system.
We combine the testing and maintenance phases. We set several
workers that executed the tasks owned by the users. The test setting is given in Table II. In the testing phase also we asked other
users to pretend as the users and provide their judgment for the
workers. It purposely to make sure our system is easy to use and
understandable. Based on the automation system, the results of
worker reliability are correct and meet the Bayes rules. The worker can accurately assess based on their behavior factors and the
trust value can reached through Bayesian probability model. The
results also preserve as guidance to the crowd source to quantify
the level of worker reliability that will be selected for future involvement in the crowdsourcing.
Start

Key-in the user ID and the
task code
Fig. 6: Sample of user interface
N

Reliability %

Verify

Exit the system
Y

Enter number of worker(s),
WCounter

100
90
80
70
60
50
40
30
20
10
0

2

4

6

8

10

Number of workers per user

Enter the worker(s) ID

Fig. 7: Reliability level towards the number of workers

Assessing the worker factors

Y

Based on the test setting in Table II we analysed the percentage of
reliability. The Figure 7 shows the number of workers per user
against percentage of reliability. It reveals that increasing in the
number of workers for executing the users’ tasks improves reliability. Such reliability is calculated based on the average trust
value from the Bayesian formulation in Section 4. It also shows in
the graph where the exponential growth of reliability towards the
number of workers is achieved. That proves that the Bayes rules
concept able to measure the reliability in the crowdsourcing.

6. Conclusion
Wcounter > 0

N

Exit the system
Fig. 5: The flow chart of user input

Bayes rules, is a probability model that best to find result in dynamic computing environment such as crowd-sourced computing.
The reliability in the crowdsourcing platform is important due to
the performance of the crowd-sourced computing is subjected to
user satisfaction. Hence, by providing better services further improves the system reliability. In order to quantify the worker behaviours, several factors need to be concerned. In our work, there
are 4 factors that chosen for contributing in achieving the worker
reliability in the crowdsourcing. We thoroughly investigated the
utility of constant A and B from the Bayes theorem to be matched
into our crowd-sourced computing scenario. Based on the results
from the automation evaluation system that developed in this work,
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the trust value of worker can successfully achieved using Bayes
rules. Furthermore, the automation evaluation system becomes a
medium for the crowd users to provide feedback towards the participants workers in the system. This work is provides initial analysis of our study and in future, we will consider more factors toward worker behaviours in more complex and large system.
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