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Abstract. Over the past decade, a number of frameworks have been introduced
to support different crowdsourcing tasks. However, complex creative tasks have
remained out of reach for workflow modeling. Unlike typical tasks, creative
tasks are often interdependent, requiring human cognitive ability and team collaboration. The crowd workers are required not only to perform typical tasks,
but also to participate in the analysis and manipulation of complex tasks, hence
the number and execution order of tasks are unknown until runtime. Thus, it is
difficult to model this kind of complex tasks by using existing workflow approaches. Therefore, we propose a workflow modeling approach based on state
machine to design crowdsourcing model that can be translated into SCXML
code and executed by an open source engine. This approach and engine are embodied in SmartCrowd. Through two evaluations, we found that SmartCrowd
can provide support for complex crowdsourcing tasks, especially on creative
tasks. Moreover, we introduce a set of basic design patterns, and by employing
them to compose complex patterns, our framework can support more
crowdsourcing research.
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Introduction

Crowdsourcing can be defined as an emerging computing paradigm that uses advanced internet technologies to harness the efforts of a virtual crowd to perform specific organizational tasks [1]. The requesters (or employers) publish tasks through
crowdsourcing marketplaces (such as Amazon Mechanical Turk [2]), which are completed by crowd workers (or employees). The typical tasks are self-contained, simple
and repetitive, crowd workers can directly complete work without worrying about
how their contributions affect others [3], such as identifying objects in a photo or
video, de-duplicating data, transcribing audio recordings, or researching data details.
Conversely, the complex tasks, especially about creative tasks [4, 5], are often interdependent, requiring human cognitive ability and team collaboration [6]. Such tasks
can not be solved directly and need to be decomposed into subtasks. And the workers
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are required not only to perform typical tasks, but also to participate in the analysis
and manipulation of complex tasks, including judgment and decomposition of tasks.
In this situation, the number and execution order of tasks are unknown until runtime.
Consider for example the task of writing a short article, this is a creative task that
involves many subtasks and crowd workers, such as deciding structure of the article,
deciding how other parts of the article need to write, deciding which sections need to
be decomposed further, taking pictures and laying out the document, and so forth.
Furthermore, changing one part of the article may trigger changes to the overall plot
and vice versa, hence each subtask also needs to coordinate in order to avoid redundant work and to make the final version of the article coherent. However, this kind of
complex creative tasks has remained out of reach for workflow modeling, and it will
be resisted by the features of these tasks.
Therefore, we propose a workflow modeling approach to support complex
crowdsourcing tasks. More specifically, our approach extends statecharts [7] based on
state machine to model crowdsourcing tasks, and the model can be translated into
State Chart XML (SCXML) which is proposed by World Wide Web Consortium
(W3C) to combine statecharts semantics with XML syntax [8]. And we integrate the
modeling approach and an open source Apache engine called Commons SCXML [9]
to build a framework called SmartCrowd.
In summary, we make the following contributions:
(1) We present a visual modeling approach, which combines graphical symbols of
state machine with SCXML. Moreover, by introducing the concept of task instance
tree, we can monitor the running process of crowdsourcing.
(2) We provide the SmartCrowd to support model design and implementation of
crowdsourcing tasks.
(3) We introduce a group of basic design patterns based on existing crowdsourcing
literatures. We can employ them to compose complex design patterns that can be
supported by SmartCrowd.
The remainder of the paper is organized as follows. In section 2 we compare our
work with related work. Section 3 introduces the core conception for our approach,
and describes our modeling approach in detail. The structure of SmartCrowd will be
shown in Section 4. And Section 5 reports two evaluations about our approach. Section 6 concludes with a brief description of future work.
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Related Work

Over the past decade, crowdsourcing has received a lot of attention, and the approaches and frameworks that support crowdsourcing have attracted the interest of
many researchers.
[10] describes a new toolkit Turkit that executes JavaScript files with APIs, the
programmer need to write JavaScript code for deploying iterative tasks to Amazon
Mechanical Turk (MTurk). [11] introduces AutoMan that is a programming system
based on the Scala programming language. By automatically managing quality control and budgeting, it can drive the tasks to continue to do the computation until a
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desired confidence level is achieved. However, similar to Turkit, complex task must
be manually decomposed into smaller tasks by programmers. [12] proposes CrowdDB
that provides a declarative approach to solve problems by using an extension of SQL
called CrowdSQL. It is good at dealing with tasks that are of pure data processing
nature, such as subjective comparisons and ordering of datasets. However, it is limited
to pure data processing problems.
[13] presents Crowdforge that is inspired by the MapReduce distributed computing approach, and it decompose the complex task into three types of subtasks, including partition, mapping and reducing. Yet it cannot support recursion of whole task
[15]. [14] presents Jabberwocky, a crowd computing framework that contains three
components: the Dormouse is a human and machine resource management system,
the ManReduce is a parallel programming framework, and the Dog is a high-level
programming language. The programmer can handle tasks with a support of crossplatform programming languages, routing tasks from one platform to another one.
However, it is assumed that task requesters (not workers) will determine how tasks
are broken down in all cases, hence it is not suitable for creative tasks. [15] introduces
a tool called Turkomatic, which emphasizes the decomposition, resolution and merging of solutions. It enables the requesters and workers to collaborate on execution of
tasks. Specifically, the workers execute tasks following the instructions of requesters.
However, this approach forces the workers must follow the instructions of requesters,
and it lacks support for creative tasks that are determined by workers.
These approaches mentioned above are dependent on different programming languages, different types of tasks require different programs to match, involving a lot of
hard code. Recently, some workflow-based approaches have been introduced for
crowdsourcing research. [17] describes CrowdLang, a programming framework that
defines a set of operators, including Reduce, Aggregate, Multiply, and so on, and it
can employs these operators to compose complex patterns. [18] presents
CrowdSearcher, a search paradigm that defines a query language as a bridge between
input and output, which can improve the quality of search results in complex seeking
tasks. And the most recent version of CrowdSearcher [19] introduces the modeling
concept, and defines a set of task types (eg. labeling, liking, sorting, classifying,
grouping) to solve different problems. Moreover, it can support some specific
crowdsourcing patterns. However, it restricts crowdsourcing tasks to simple operations, and the workers are limited to simple and repetitive tasks. [20] provides Crowd
Computer that adopt a business process modeling approach based on BPMN[21] to
support crowdsourcing workflow. Concretely, it introduces BPMN4Crowd, an extension of BPMN that can model crowdsourcing process. And it extends the standard
workflow to relax the constraints imposed on the task assignment, so that it can assign
tasks to workers through different tactics (e.g., marketplace, contest, auction, mailing
list). However, these approaches mentioned above are rigid that all of tasks still must
be decomposed by requesters in advance and executed in a given order, thus, they are
also not suitable for creative tasks described previously.
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3

Modeling Approach

3.1

Statechart

As we know, the traditional finite state machine cannot model large and complex
problems because of three main reasons. Firstly, it has no hierarchy or module concepts. Secondly, there may be a "state explosion" problem. Thirdly, it cannot describe
concurrency. Therefore, David Harel presented statecharts, an extension of finite state
machine that provides a broadcast mechanism for communication between concurrent
components [7]. It conquers the limitations of traditional finite state machine while
inherits its main strengths.
In general, a statechart (state machine) contains State, Event, Condition, Action
and Transition. The state is a description of the status of a system that can execute
action. Transition is a kind of relationship between two states, when a condition is
fulfilled or an event is received, the action of transition will be executed, and the
source state will transfer to the target state. A transition is often expressed like this:
event [condition]/action. Fig. 1 shows an example of statecharts. And we invite the
reader who wants to get more information about statechart to read the literatures [7,
8].
State 3

State 2
[condition1]
State 1

State 6
[condition2]

State 4
/action

event[condition]/
action

State 5

Fig. 1. An example of statecharts.

3.2

Approach Features

In essence, a complex crowdsourcing task often involves one or more subtasks, some
of which may continue to be decomposed into subtasks, this may lead to a large number of tasks in the crowdsourcing solution. So how to model these tasks, how to coordinate the interrelated subtasks, these are the key questions for crowdsourcing. In our
approach, each task or subtask includes multiple steps from start to end, and each step
is treated as a certain state. Hence, all steps of a task can be mapped to different
states, which form a complete lifecycle from the start state to the final state. Clearly,
lifecycles of different task types are different. Therefore, we consider a crowdsourcing task as a process, which consist of several subprocesses (subtasks). And we employ state machines to model task types as the appropriate building blocks of
crowdsourcing model, and then we aggregate them to yield the crowdsourcing result.
The approach is described in detail below.
Firstly, we extend action of state machine to meet the requirements of task. Specifically, we add multiple structured elements into action, such as name, attribute, event,
data model, and so on, so that we can configure our crowdsourcing solution in these
elements, including task decomposition, number of workers, subtasks model, condition of next step, evaluation of results, and so on. In this way, we can not only assign
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simple tasks to workers, but also arrange workers to participate in the execution of
complex tasks. When the task is in different states, the workers are required to participate in different work items, including voting for task decomposition, deciding the
next step, processing and evaluating the results of other workers. These structured
elements will be embedded into the executable content (EC) of state machine in
SCXML. The Fig. 2 indicates the EC can be executed by state and transition of state
machine. When the state machine takes a transition, it executes the EC of exit action
in the states it is leaving, followed by the EC in the transition, followed by the EC of
entry action in the states it is entering.
State S1

State S2

condition[event]
/action(EC)

/action(EC)

/action(EC)

Fig. 2. The EC of state machine.

Secondly, the events of state machine are usually used for internal communication
and triggering state transition. Since the statecharts and SCXML provide a flexible
mechanism for communication between state machines, the events are used not only
for a single state machine, but also for coordination between multiple state machines,
this means that different tasks can communicate with each other by sending and receiving events. Therefore, our approach can support interdependent tasks, not just
independent tasks.
Lastly, we introduce the task instance tree to monitor the running of crowdsourcing
in our framework. As we mentioned previously, a crowdsourcing solution often involves one or more tasks. When it is running, some tasks (called parent tasks) can be
broken down into several subtasks (called child tasks), and all tasks will be instantiated in chronological order. A parent task will trigger its child tasks, and the child tasks
will continue to trigger their child tasks, and go on. Finally all task instances will form
a tree structure called task instance tree. The Fig. 3 shows some examples of task
instance trees, Fig. 3 (a) shows that a task is complex, while it is non-decomposable,
such as Macro Tasks [16]. Thus, only one node in task instance tree. Fig. 3(b) shows a
complex task that can be decomposed into subtasks. When a task node is finished, it
sends an event to its parent node as the signal to finish. It is worth noting that our
approach also supports a crowdsourcing model similar to tournament form, Fig. 3(c)
shows it as below. Note that the task instance tree of a crowdsourcing solution may
not be fixed, when workers are asked to participate in the task decomposition, different decomposition schemes will lead to different instance trees.
Task
A

Task
A1

Task
A2

Task
A3

Task
A3

Task
A2

Task
A1

Task
A

Task
A6

Task
A5

indicates the decompostion of task
indicates the aggregation of result
(a)

Task
A22

Task
A21
(b)

Fig. 3. Some examples of task instance trees.

Task
A4

Task
A7
(c)
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4

Framework

We integrate our modeling approach and Commons SCXML to build SmartCrowd.
The Commons SCXML is an implementation aimed at creating and maintaining a
Java SCXML engine that is capable of executing a state machine defined using a
SCXML document, while abstracting out the environment interfaces [9]. The SmartCrowd mainly includes design, compilation, execution and management & maintenance. Fig. 4 indicates the architecture of SmartCrowd.
Task instance
tree
SCXML Parse
Model editor
Datamodel

Contexts and
Evaluators

Custom
actions and
semantics

Executor

Task
dispatcher

Event
dispatcher

DataStore

APIs

Service&
Interface
Design

Compliation

Execution
Management & Maintenance

Dashed boxes are internal
components of Common SCXML

Fig. 4. The high level architecture of SmartCrowd.

Design. We provide a model editor for users to design their crowdsourcing solution. As we mentioned previously, we add several structured elements to support
crowdsourcing solution, such as name, attribute, event, data model, and so on. And
the model editor can verify whether the model conforms to the syntax rules of the
XML specification, and export the SCXML code document to compilation. Fig. 5
shows one part of crowdsourcing design process and corresponding SCXML code.
Compilation. In this stage, the SCXML code document that defines the state machines will be parsed into Commons SCXML Java object model. More specifically,
the elements of data and temporary variables will be defined in the Data model. The
Contexts and Evaluators can support expression evaluation and context explanation.
In addition, the Custom actions and semantics provide an extension of the Commons
SCXML for specialized uses, such as supporting custom elements and custom processing logics.
Execution. The Executor, a SCXML engine that can drive the crowdsourcing
model to run. And the Task dispatcher can support the task assignment. The Triggering events (event dispatcher) will deliver events for state machines. The DataStore is
a data repository that provides the required data information for other parts of the
framework.
Management & Maintenance. When a task is in a certain state that needs workers
to participate in a work item, such as voting, the work item will be instantiated as a
micro task that can be published to traditional crowdsourcing markets (such as Amazon Mechanical Turk) by APIs and task templates. The task instance tree provides a
visual UI to show the running process of crowdsourcing. And the Services&Interfaces
will be used for custom page, functional interface and web services, etc. Note that
the two-way arrows indicate these parts can interaction with Execution.
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Fig. 5. One part of crowdsourcing design process and corresponding SCXML code.
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Evaluation

The SmartCrowd places an emphasis on how to support different crowdsourcing
tasks. On the one hand, it has a powerful flexibility, allowing the users to focus on the
design and optimization of solution, and do not need to develop an additional, dedicated prototype, especially without hard coding. On the other hand, it has enough
adaptability to support complex crowdsourcing tasks which are composed by several
basic design patterns. In this section, we report two evaluations on exploring whether
or not this framework has achieved the desired goals.
More specifically, the first evaluation describes the design and implementation of
complex creative tasks. It demonstrates the capability of SmartCrowd for crowdsourcing. In the second evaluation, we show a set of basic design patterns, which can be
used to compose more complex design patterns to accommodate different types of
crowdsourcing problems, and our approach can also support these complex patterns.
This evaluation suggests that SmartCrowd has a great adaptability.
5.1

Crowdsourcing writing

Here, we employ the crowdsourcing writing task to illustrate the capability of our
framework. Crowdsourcing writing is chosen as a test domain because it is a complex
creative task [3], and it can further exploit human cognitive ability and collaborative
innovation. For these reasons, we chose the MapReduce crowdsourcing writing process from [13] as example to test our approach. Here, we show how our framework
supports it without hard coding.
The MapReduce method builds on the general approach to distributed computing,
it brokes down a complex problem into a sequence of simpler subtasks, as shown in
Fig. 6.
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Writing draft

Choosing to
edit

Decomposing
task

DecomposeV
oting

Publish tasks

Merging
tasks

Repeat

Fig. 6. The MapReduce write processes.

For a better readability, the design model only show the key actions and conditions, and “[]” means the condition, “/” represents the executable content of action in
state and transition.
The MapReduce model will judge (vote) for drafts or outline (section headings) in
state “Judging”, as shown in Fig. 7(a), if the outline is complex, and can not be done
by workers directly, it enters the state “Decomposing”. According to the decomposition strategy, several workers independently decompose the task into subtasks, and
then there will be multiple alternative decomposition schemes. Thus in state “DecomposeVoting”, the workers vote for the best decomposition scheme, and the framework
assigns the number of corresponding subtasks to variable “DecTaskCount”. Different
decomposition schemes have different number of subtasks, so the number of subtasks
here is not known until runtime. And then the SmartCrowd instantiates new state
machines for subtasks by executing the “NewSubtasks(n)” in action, the parameter n
represents the number of subtasks. Note that since all tasks, including subtasks, must
first be judged whether they need to be broken down in this scenario, we employ the
same model for these tasks, namely the state machines of subtasks are the same as
their parent state machine, it makes our design more succinct and effective. After that,
the parent task enters the state “Waiting” to wait for results of its subtasks, when all
subtasks are finished, the condition “DecTaskCount==SubtaskFinishCount” is true, it
enters the state “Merging” and aggregates the results to produce a final result, and
sends an event as a finish signal to parent task. When the task is determined as simple,
it do not need to decompose, and is directly allocated to multiple workers to solve in
state “Solving”. After all workers finish their jobs, the condition
“TCount==WorkerFinishCount” is true, a group of workers vote for the best answer
in state “SolveVoting”, and finally send an event to inform the parent task. The Fig.
7(b) shows one of the task instance trees of MapReduce model, states of state machine are color-coded to indicate their status: in progress (red, underlined), finished
(green). Different outlines of article yield different task instance trees, and even each
execution might generate a different task instance tree since the task decomposition is
uncertain until runtime. For example, the task A is decomposed into 3 subtasks, while
its subtask A2 is decomposed into 2 subtasks (Fig. 7(b)), the different decomposition
schemes voted by workers result in this result.
Through this case, SmartCrowd allows workers to participate in the task decomposition, supporting the collaboration between requesters and workers. Through the task
instance tree, we can easily monitor the running process of crowdsourcing, including
tasks types, the status of tasks, the number of task instances.
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(a) the MapReduce model
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Task
A

Task
A2
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SolveVoting

Task
A22

indicates the aggregation of result

DecomposeVoting

Waiting

Judging
Solving

SolveVoting

Merging

(b) a task instance tree of MapReduce

Fig. 7. The MapReduce model and one of its task instance trees

It is worth noting that, when workers are required to determine the task decomposition with no supervision, the task was likely to be constantly decomposed and iterated, resulting in excessive task instances. It may cause tasks to get out of control, thus
SmartCrowd provides three ways to avoid this kind of situation, and the first one is to
allow the requester to end task directly, which is the highest priority, the second allows the workers to decide when to end the task, within a set period of time. And the
last one is to stop task after a predefined number of task decomposition rounds, namely preset depth of the task instance tree. And limited to the pages of paper, detailed
SCXML code exported by our framework for this crowdsourcing writing case is displayed on the web site [22].
5.2

Adaptability Study

The Amazon Mechanical Turk team has indicated that the investigations on
crowdsourcing should be designed, conducted, and published in a manner such that
the research experiments can be repeated, potentially yielding standard design patterns and methods to achieve high quality, consistent results for a variety of human
computation tasks [23]. So far, crowdsourcing design pattern has been explored by
previous work [19, 24], but still has remained out of reach. We reviewed the existing
literatures, including many empirical studies and reports [6, 25], and introduce four
basic crowdsourcing design patterns based on them. Furthermore, we employ SmartCrowd to express these patterns, and for a better readability, we report them using
task instance trees. The Fig. 8 shows these basic design patterns.
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(1) The collection pattern, as shown in Fig. 8(a), in which the number of subtasks
decomposed is fixed, and each task is independent of each other, with no interaction.
It meets the requirements of a typical task.
(2) The contest pattern will choose a best answer for task, similar to tournament
form, see Fig. 8(b).
(3) The collaboration pattern usually appears in creative crowdsourcing work. This
pattern can arrange workers to participate in the execution of complex tasks. Especially in task decomposition, the number of subtasks is unknown until runtime, hence
different tasks may have different number of subtasks.
(4) The interaction pattern is often used for creative tasks. In our approach, the parent task can communicate with its child tasks by sending and receiving events. However, the interaction pattern has a powerful feature that subtasks with the same parent
task can communicate with each other by sending and receiving events, as shown in
Fig. 8(d).

Task
A1

Task
A2

Task
A2

Task
A1

Task
A

Task
A6

Task
A5

Task
A3

Task
A4

Task
A3

Task
A7
(b) Contest

(a) Collection

Task
A
Task
A
Task
A2

Task
A1

Task
A3
Task
A2

Task
A1
Task
A11

Task
A12

Task
A31

(c) Collaboration

Task
A32

Task
A33

Task
A3

event
(d) Interaction

Fig. 8. The basic design patterns

In general, the complex design model is composed by different basic design patterns, such as crowdsourcing writing model is shown in section 5.1, which deployed
some basic patterns, including collaboration and contest (voting for the best scheme).
This evaluation shows that our framework can support complex patterns that are
composed by basic design patterns. Note that we do not think these basic design patterns to be complete. In addition, we have tested a variety of crowdsourcing cases,
such as purchasing decisions, evaluating a design and so on, and more detailed information can be seen in [22].

6

Conclusion

In this paper, we present SmartCrowd based on state machine and Common SCXML
to support crowdsourcing research, especially in complex creative tasks. It allows
researchers to put more energy on the solution formulation rather than on the devel-
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opment and maintenance of system. Due to the use of the state machine and Common
SCXML, the users of our approach also need to understand the state machine and the
specification of SCXML.
There are a number of directions we are exploring for future work. We will continue to exploit new design patterns of crowdsourcing, and the performance analysis of
crowdsourcing model is also a part of the follow-up work.
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