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!ōǎǘǊŀŎǘ 
 

 The work presented in this thesis is the result of a one-year collaboration with the pro-

fessor Thomas D. LaToza (GMU) and the professor André van der Hoek (UCI). The col-

laboration took place at the Software Design and Collaboration Laboratory ɀ SDCL, part 

of the Department of Informatics of the University of California Irvine. 

In the last few years, crowdsourcing has become a popular mechanism to accomplish-

ing online work. By leveraging the power of the crowd, it is feasible to complete in just 

few hours tasks that were previously impossible to complete otherwise. 

One of the possible ways to crowdsource a complex work relies on the decomposition 

of the work in little pieces, called microtasks, to be completed by a single user. These 

microtasks have to be short, independent and low in complexity, requiring little cogni-

tive effort to be completed. Intelligent automatic approaches have to be used in order 

to effectively manage the microtask generation, assignment and aggregation.  

In this document we present CrowdCode, a prototype of a crowdsourcing platform 

aimed to explore, evaluate and study the feasibility of microtask programming. Clients 

can submit requests of small JavaScript function libraries (function APIs) to be devel-

oped by the crowd. After analyzing the previously existing CrowdCode platform, we 

found different development paths that could be explored to improve and extend its 

functionalities.  

To test the re-implemented platform and the added extensions, we conducted two sets 

of user studies. The first one is aimed to understand if a system such as CrowdCode is 

able to produce functional software, the latter is aimed to study how transient workers 

collaborate when making common decisions while working on a microtasking platform.  
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!ƳǇƛƻ ŜǎǘǊŀǘǘƻ 
 

Il lavoro presentato in questa tesi è il risultato di un anno di collaborazioni effettuate 

con il professor Thomas LaToza (GMU) ed il professor André van der Hoek (UCI) presso 

il laboratorio Software Design and Collaboration Laboratory - 3$#,ȟ ÓÉÔÕÁÔÏ ÁÌÌȭÉÎÔÅÒÎÏ 

della University of California Irvine. 

Il  crowdsourcing (da crowd, "folla", e sourcing, da outsourcing, e cioè esternalizzazione 

aziendale ) è lo sviluppo collettivo di un progetto da parte di numerose persone, esterne 

all'entità che ha ideato il progetto stesso1. Negli ultimi anni, il crowdsourcing è stato 

ampiamente adottato dalle comunità online per lo svolgimento di svariate tipologie di 

lavoro. Esso infatti potenzialmente permetterebbe di completare in poche ore progetti 

che a causa della loro grandezza e complessità sono considerati inaccessibili. Attraverso 

il gioco Foldit [1]  per esempio, 57000 utenti sono riusciti in dieci giorni a determinare 

la struttura molecolare di una proteina, problema per cui gli scienziati stavano lavo-

rando da 15 anni. 

La riuscita nel crowdsourcing di un lavoro complesso dipende dalle possibilità che si 

hanno di scomporlo in microtasks. Una microtask è una piccola porzione di lavoro, ri-

sultato della scomposizione di un lavoro più grande. Ogni microtask è svolta da un sin-

golo utente. Per scomporre un progetto in maniera efficace, bisogna fare in modo che le 

microtask siano quanto più possibile indipendenti tra loro, in modo che sia possibile 

eseguirle in parallelo. Oggigiorno la piattaforma di microtasking più conosciuta è Ama-

zon MechanicalTurk (MTurk). I clienti si servono di MTurk per fare il crowdsourcing di 

tanti piccoli compiti, svolti successivamente dagli utenti del sistema dietro una ade-

guata ricompensa economica. 

Questa pratica funziona molto bene per semplici progetti con compiti per natura indi-

pendenti tra di loro, come per esempio la trascrizione del testo presente su molteplici 

immagini. Incontra invece molti più problemi per il crowdsourcing di lavori complessi, 

come ad esempio lo sviluppo di software. Ad oggi la principale piattaforma che applica 

il crowdsourcing a progetti complessi è TopCoder. Essa usa tuttavia un approccio di 

tipo competitivo: per ogni competizione, solo il lavoro migliore viene selezionato, por-

tando allo scarto di tutti gli altri. 

Le principali difficoltà riscontrabili nel crowdsourcing di lavori  complessi sono state 

suddivise in tre macro categorie: 

¶ qualità del lavoro risultante: nei sistemi di crowdsourcing, è difficile produrre 

risultati di qualità. Gli utenti possono essere malevoli e completare le microtask 

                                                        

 

1 https://it.wikipedia.org /wiki/Crowdsourcing  
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solo per ricevere una ricompensa, senza prestare attenzione alla qualità del la-

voro svolto.  

¶ scomposizione del lavoro in microtasks: per scomporre il lavoro in microtasks 

bisogna considerare differenti aspetti. Uno di essi è capire il giusto livello di de-

composizione da applicare. Se da un lato è vero che microtasks di piccola dimen-

sione aiutano a diminuire il tempo totale necessario al completamento del la-

ÖÏÒÏȟ ÄÁÌÌȭÁÌÔÒÏ ÉÌ ÔÅÍÐÏ ÉÍÐÉÅÇÁÔÏ ÄÁÉ ÓÉÎÇÏÌÉ ÌÁÖÏÒÁÔÏÒÉ ÐÅÒ ÌȭÁÐÐÒÅÎÄÉÍÅÎÔÏ ÄÅÉ 

dati contestuali alla microtask viene moltiplicato, introducendo un elevato 

tempo di overhead. Combinando workflow di tipo iterativo con quelli di tipo pa-

rallelo è possibile ottenere diverse modalità di decomposizione del lavoro. 

¶  coordinamento: i progetti software sono insitamente caratterizzati da elevate 

dipendenze tra i singoli artefatti. Una efficace gestione delle dipendenze inter-

ÁÒÔÅÆÁÔÔÏ î ÄÉ ÆÏÎÄÁÍÅÎÔÁÌÅ ÉÍÐÏÒÔÁÎÚÁ ÐÅÒ ÌÁ ÒÉÕÓÃÉÔÁ Ï ÍÅÎÏ ÄÅÌÌȭÁÐÐÌÉÃÁÚÉÏÎÅ 

del crowdsourcing ad un lavoro complesso. 

CrowdCode è stato sviluppato per studiare la possibilità di sviluppare software attra-

verso tecniche di microtask crowdsourcing. CrowdCode è il  prototipo di  una piatta-

forma online che consente ad un client di specificare una lista di funzioni (una API) da 

far sviluppare dal crowd. 5ÎÁ ÖÏÌÔÁ ÃÈÅ Ìȭ!0) î ÓÔÁÔÁ ÄÅÓÃÒÉÔÔÁ, il sistema si occupa in 

maniera autonoma di generare le microtasks, assegnarle agli utenti ed aggregare i ri-

sultati  del loro lavoro.  

Nei primi due capitoli spiegheremo le scelte progettuali e di funzionamento della prima 

versione di CrowdCode, implementata prima del nostro coinvolgÉÍÅÎÔÏ ÁÌÌȭÉÎÔÅÒÎÏ ÄÅÌ 

progetto.  Successivamente, nel capitolo 3, presentiamo diversi modi per aumentarne 

funzionalità e prestazioni. Le scelte progettuali dietro le suddette funzionalità sono 

frutto di diversi esperimenti condotti con utenti. Le estensioni proposte sono state clas-

sificate secondo una delle tre categorie individuate precedentemente. Il capitolo 4 ne 

descrive i dettagli implementativi. 

Successivamente presentiamo i due principali studi che abbiamo condotto: il primo è 

stato maggiormente incentrato sulla fattibilità del microtask programming, mentre il 

secondo sugli strumenti e le modalità di collaborazione usati dagli utenti di una piatta-

forma come CrowdCode. Infine discutiamo i risultati ottenuti, proponendo possibili svi-

luppi a partire dal nostro lavoro.  
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LƴǘǊƻŘǳŎǘƛƻƴ 

 

In the last few years, crowdsourcing has become a popular mechanism for accom-

plishing work online. By leveraging the power of the crowd, it is feasible to complete 

huge tasks in few days and sometimes even few hours and to take on tasks that were 

previously impossible because of their large scale. Crowdsourcing applications are 

very diverse, ranging from classifying craters on planetary surfaces2 to determining 

the 3D shape of an enzyme [1]  or even to discovering new galaxies3. At the same 

time, crowdsourcing has succeeded as a commercial strategy for accomplishing 

work as well. Several companies use crowdsourcing as their main business model. 

For example, some companies are selling crowdsourced designed products, like t-

shirts4 or gadgets5. An even more extraordinary phenomenon is the rise of crowd-

founding platforms, that use the crowd to finance startups6. 

The underlying success behind crowdsourcing work is the microtasking concept. 

Microtasking consists in splitting large tasks into smaller self-contained pieces of 

work that can be accomplished in a parallel fashion. The most used microtasking 

platform is Amazon Mechanical Turk (MTurk) where clients can ask for large sets of 

HITs (Human Intelligence Tasks) to be completed by the crowd. Crowd workers 

have the freedom to choose the HITs they want to work with in exchange of a mon-

etary reward. Typical tasks on MTurk are very short (from few seconds to a few 

minutes), independent and low in complexity, requiring little cognitive effort to be 

completed. Examples of HITs are labeling of images, transcription of audio files to 

text, etc. As opposed to these kind of microtasks, the work required by companies is 

often much more complex [2] , interdependent and requires significant time and cog-

nitive effort. Complex works require more coordination among co-workers and in-

telli gent automatic approaches have to be used in order to actively manage mi-

crotask generation, assignment and aggregation [3] . Recent crowdsourcing work 

has begun to explore approaches for microtasking complex work.   

                                                        

 

2 clickworkers.arc.nasa.gov 
3 http://galaxyzoo.org/  
4 https://www.threadless.com/  
5 https://www.quirky.com/  
6 https://www.kickstarter.com/, https://www.indiegogo.com  
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What if the microtask crowdsourcing model can be applied to software engineering 

ÔÁÓËÓȩ 7ÈÉÌÅ ÏÐÅÎ ÓÏÕÒÃÅ ÄÅÖÅÌÏÐÍÅÎÔ ÉÓ Á ÆÏÒÍ ÏÆ ÃÒÏ×ÄÓÏÕÒÃÉÎÇȟ ÉÔȭÓ ÎÏÔ ÍÉȤ

crotasking: the development tasks remain large, the workers are generalist and 

there are numerous barriers to the contributions [4]  [5] . The involvement process 

of a new member to a traditional open source project is very long: a programmer 

that wants to collaborate has first to join the community, learn the whole codebase, 

identify the tool infrastructure, socialize with other workers and follow the commu-

nity conventions. Taken together, these barriers impose a length joining process [6] , 

dissuading the busy or casually committed from contributing, and substantially re-

ducing potential participation in OSS. 

Nowadays, few companies are applying crowdsourcing to software engineering 

tasks. The most known is TopCoder: a platform intended to crowdsource software 

design, software development and data analysis tasks. TopCoder uses a competitive 

crowdsourcing approach: different workers provide a solution for the same prob-

lem. After the first round of the competition, an expert belonging to the TopCoder 

team will pick the best solutions for the next phase. Then the client picks a winner 

solution and to the top three winners are given monetary rewards. 

Different studies were conducted to understand the feasibility of microtask 

crowdsourcing applied to crowd development. Several ideas of such approach have 

been surveyed [7]  but many challenges remain. These challenges can be organized 

in three different categories: 

¶ quality: in crowdsourcing systems, using the masses contribution to pro-

duce quality work is challenging. Workers may do too little, act maliciously, 

or even be may do more than the system intended [8]  [9] . Crowdsourcing 

systems have explored the use of the tasks redundancy to improve the qual-

ity (w ith the map/reduce paradigm [10] ). Unfortunately, this is not the case 

of crowdsourcing complex work, where automatically aggregating the re-

sult of multiple redundant microtasks can be tricky if not nearly impossible.  

Another approach to ensure good quality is through workflows that incor-

porate reviews. However, the possibility of malicious or incorrect reviews 

must be considered and addressed. Finally, sequentially soliciting iterative 

contributions to an artifact may make effective use of workersȭ varied ex-

pertise and ability to contribute [11] . 

¶ decomposition: when decomposing a task into small different microtasks, we 

need to consider different factors [12] . One of them is granularity: smaller 

microtasks, if not sequential, enable parallelism and reduce the clock time 

with the risk of increasing the communication overhead. To allow workers to 

meaningfully contribute to the project, the microtasks should be self-con-

tained, without losing the minimum required context necessary to their exe-

cution. Different contexts of application may impose different goals for how 

fast work must be done, suggesting the use of different decomposition tech-

niques for different situations. A number of decomposition approaches might 
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be possible, incorporating iterative and hierarchic workflows in different 

ways. 

¶ coordination: cross-cutting artifacts aspects are inherent to software works 

[13] . Effectively managing the so introduced artifact dependencies is essen-

tial to conform the different opinions that diverse workers have on such as-

pects. One of the possible approaches is to review the single contributions for 

its conformance to common decisions. Leveraging the workÅÒÓȭ ÅØÐÅÒÔÉÓÅ ÂÙ 

allocating them to the right microtasks based on their personal skills can 

lower the required coordination efforts. The work to be done and the one 

already completed, must be tracked in the most efficient way to automati-

cally generate the new microtasks. Furthermore, dependencies between dif-

ferent pieces of work must be detected and managed in order to reassemble 

them in a coherent way. 

We define a view of a system to allow microtask crowdsourcing of software devel-

opment tasks by reporting some vignettes extracted from a related work [14]. The 

described approach is also defined as microtask programming. 

Bob is sitting on a train and feels like programming for a few minutes. Logging in to a web-
site, he sees a couple of interesting projects. Being an avid cyclist, he immediately chooses 
the one to build a web app for urban cycling maps. He then gets a microtask to sketch some 
pseudocode for a function. After finishing, he decides he is in the mood for some testing and 
ÓÅÔÓ ÈÉÓ ÔÁÓË ÓÅÌÅÃÔÉÏÎ ÐÒÅÆÅÒÅÎÃÅÓ ÔÏ Ȱ×ÒÉÔÅ ÔÅÓÔ ÃÁÓÅÓȱȢ 3ÅÅÉÎÇ Á ÄÅÓÃÒÉÐÔÉÏÎ ÁÎÄ ÓÉÇÎÁÔÕÒÅ 
of a function and a list of typical issues to test, he writes a list of test cases, labeling each 
with an issue to describe its purpose. He realizes one of these represents a new issue that 
might be of interest to others, so he adds it to the issue list. Each time he logs in over the 
next week, he is excited to see others using his issue, adding to his points. 

Julie is an experienced software architect who just received an email. Recalling that she 
signed up to donate time to a crisis response group, she sees that a disaster has just occurred 
and that the group needs to respond rapidly and build a website linking the local technical 
infrastructure of the first responders to the disaster response needs as fast as possible. Log-
ging in, she sees some architectural questions other developers have asked. After asking her 
own questions to track down related decisions and getting some responses, she answers 
each question. She then receives a microtask to moderate suggested answers to another 
architectural decision. Reading each option, she up or down votes each, adding a comment 
describing some important caveats to one. 

Ting is a freshmen biology student. After completing a few Code-academy classes, he is ea-
ger to write code within a real software project. Logging in, he picks an interesting looking 
healthcare project. He first receives a debugging task. Seeing a failing test and a function, he 
tries a few things he hopes might make the test pass. But nothing works, so he skips to an-
other task. This time, Ting receives some pseudocode and works to implement the function. 
But the pseudocode deals with a complicated graph traversal algorithm, and he has never 
seen anything quite like it, so he skips that too. The system then asks if he would like to 
watch an expert work. Being a little lost, he agrees. As he watches the expert work on several 
microtasks, he follows the chat window on the side as several other workers try to explain 
what the expert is doing. Even the expert chimes in here and there with some explanations. 
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After feeling like he is ready to try writing some code again, he begins implementing some 
pseudocode again. A little while later, he gets a review back, explaining some things he did 
well and providing a few suggestions for improvement. 

This document is aimed to describe our work on CrowdCode, an online prototype 

IDE built to study and explore the feasibility of microtask programming [15] . During 

a year of collaboration with the CrowdCode research group (Thomas LaToza, André 

van der Hoek, Ben Towne) we explored various aspects of microtask programming 

by extending the platform functionalities based on empirical results. 

Document organization:  

¶ In Chapter 2 we explain the main structure and the functioning of the first 

prototype of CrowdCode 

¶ In Chapter 3 we explain how we extended CrowdCode functionalities 

¶ In Chapter 4 we explain how we re-implemented CrowdCode integrating the 

new functionalities 

¶ In Chapter 5 we show the empirical results of the two groups of user studies 

we conducted with the new prototype of CrowdCode 

¶ In Chapter 6 we briefly explain how CrowdCode can be furtherly developed    
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LƴǘǊƻŘǳŎǘƛƻƴ ǘƻ /ǊƻǿŘ/ƻŘŜ 

 

CrowdCode is a prototype of a crowdsourcing platform aimed to explore, evaluate 

and study the feasibility of microtask programming. It allows clients to submit re-

quests to let the crowd develop small JavaScript function libraries (function APIs) 

to be integrated in larger software projects. Work is presented as microtasks of 

small duration that the system keeps auto-generating until the client request be-

comes complete. No administration and/or management role is defined between 

workers. 

In this chapter we describe the main structure and internal organization of Crowd-

#ÏÄÅ 6ρȢ 4ÈÉÓ ÆÉÒÓÔ ÖÅÒÓÉÏÎ ÉÓ ÔÈÅ ÏÎÅ ÕÓÅÄ ÆÏÒ Ȱ-ÉÃÒÏÔÁÓË 0ÒÏÇÒÁÍÍÉÎÇȡ "ÕÉÌÄÉÎÇ 

3ÏÆÔ×ÁÒÅ ×ÉÔÈ Á #ÒÏ×ÄȱȢ 

Chapter Organization: 

¶ In Section 2.1 we explain the internal organization of an API project 

¶ In Section 2.2 we explain how work is separated in microtasks 

¶ In Section 2.3 we explain the workflow 

¶ In section 2.4 we explain the workerÓȭ collaboration mechanisms 

¶ In Section 2.5 we explain the incentives mechanism 
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2.1 Internal organization 

In functional code, the output value of a function depends only on the arguments 

that are input to the function, so functions can be completely specified assigning an 

output value for each of the possible sets of inputs7. A so formed list, is also the test 

suite for the function. The function signature, the inputs and output data types and 

its test suite allow the function to be implemented in isolation from the rest of the 

system. CrowdCode approach is to crowdsource the development of small JavaS-

cript functions libraries  requested by the clients. The final output of a project is com-

posed by the functions code and their tests suites. 

The library API project is internally represented in CrowdCode by keeping a graph 

of its functions (Figure 2.1). In turn, each of the functions keeps the graph of its tests. 

Functions and tests are the project artifacts. 

 

Figure 2-1: Project artifacts graph  

                                                        

 

7 https://en.wikipedia.org/wiki/Functional_programming  
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When a project starts, the artifacts in the graph are only the library functions. As the 

project progresses, the tests artifacts are added and more functions (the auxiliary 

functions) can be created and added to the graph. Whenever one of the functions in 

the library is called by another function, a caller/callee link is created between the 

two artifacts.  

The artifacts status is tracked by keeping a finite state machine. Whenever a transi-

tion happens on the artifact state machine, an appropriate microtask is generated if 

required for the progress of the artifact completion. The project is in charge of col-

lecting the generated microtasks, distributing them to the workers and accepting 

the submissions of previously distributed tasks. As a worker submits a microtask, 

the project propagates the submission to the relative microtask artifact.  

Communication between the project and its artifact and between the linked arti-

facts, is achieved by triggering events. Events on an artifact can cause a state transi-

tion on the artifact state machine. Every microtask submission is analyzed and then, 

after checking which parts of the artifact are changed due to the submission, the 

appropriate events are triggered. For example, when a parameter is added to the 

inputs of a function, the function triggers an event to notify the updates to its tests 

and to the functions linked by a caller relationship. 

 Functions 

Function artifacts generate coding and debugging tasks. The function state machine 

is represented by the described, written and buggy attributes. The function starts 

from the non-described state. When a description is available, the function goes in 

the described state. Coding tasks keep being spawned unti l the written state is 

reached. A function can go back to the non-written state if one of its called functions 

changes interface and so the relative call should be readapted. When at least one of 

the test switches to the implemented state, the result of the tests run decides if the 

function is buggy or not.  

 

Figure 2-2: function state machine 



9 
 

 

The function is marked as complete when it reaches the described, written and not 

buggy state. However, as the work progresses on the linked artifacts, tests are re-

run whenever one of the other tests becomes implemented or one of the callee func-

tions becomes described or changes. In these cases, the artifact iterates back to one 

of the non-completion states. 

Transitions on the function state machine happen when the events on the function 

are triggered by the project or by the linked functions. The events that enable state 

tr ansitions are listed in Table 2-1. 

EVENT NAME TRIGGERED WHEN/TRANSITION 
function became described the function description became written/go to the described 

state 

function became written the function code became completely written/go to the 
written stat e 

test became implemented one of the tests became implemented/run the tests 

function passed tests all of the implemented tests passed/go to the complete and 
non-buggy state 

function failed tests  one of the implemented tests failed/go to the buggy state 

callee function became described one of the called function became described/go to the non-
written state  

callee function changed interface one of the called function changed its interface/go to the 
non-written state  

Table 2-1: function events 
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 Tests 

Tests artifacts generate test implementation microtasks. The attributes described 

and implemented represent the state of the test. When described, the test goes into 

the described and non-implemented state. When the test code gets implemented, 

the test goes into the implemented state. Both test code and description can be re-

ported, so an implemented test can go back to the non-implemented state and a de-

scribed and non-implemented to the non-described state.  

 

Figure 2-3: test state machine 

Transitions on the test state machine happen on the events called by the test itself 

or by the related function. The events that enable state transitions are: 

EVENT NAME TRIGGERED WHEN/TRANSITION 
test became described the test description became written/go to the described 

state 

test became implemented the test became implemented written/go to the imple-
mented state 

test description became reported the description of the test has been reported/go to the non-
described state 

test code became reported the code of the test has been reported/go to the non-imple-
mented state 

function changed interface  the related function changed interface/go to the non-imple-
mented state 

Table 2-2: test events 
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 Data types 

As previously described, data types serve a crucial role in communicating the ex-

pected parameters and output of a function. Being a central task of high-level design, 

defining good data types requires a global understanding of the code base. In a mi-

crotasking environment, where no single worker has such a global view, this is chal-

lenging to achieve. Furthermore, if the crowd were to iteratively create data types, 

for every change in the data types, all functions and tests using those data types 

might need to change, generating the potential for large amount of work. Crowd-

Code forces the client to define the types of data used by the functions as part of the 

initial request. 
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2.2 Microtasks 

 Size and atomicity 

One of the most important design choices in a microtask platform is the microtask 

size. A small granularity improves the parallelism, increasing the amount of users 

that can work at the same time. Smaller microtasks are faster to complete and the 

overall time required to finish the work may decrease. However, despite the fact that 

some pieces of work can be furtherly decomposed in smaller different pieces, some-

ÔÉÍÅÓ ÉÔȭÓ ÃÏÎÖÅÎÉÅÎÔ ÔÏ ËÅÅÐ Á ÐÉÅÃÅ ÏÆ ×ÏÒË ÂÉÇÇÅÒȟ ÉÎÓÔÅÁÄ ÔÈÁÎ ÓÈÒÉÎËÉÎÇ Ét too 

much. Having smaller tasks that require the same amount of information to be 

learned introduces overhead time because more than one worker will be doing the 

same learning instead of just one [16] . Furthermore, smaller microtasks mean more 

context-switching interruptions, that are harmful to worker efficiency [17] .  Addi-

tional overhead time can be required when attempting to aggregate and uniform the 

inconsistencies due to different assumptions made by the different  workers that 

have independently completed the smaller pieces.  

Size is not the only parameter to consider while designing microtasks. To allow tran-

sient workers, microtask should also be self-contained. In our case, microtasks 

should contain all and only the information needed to allow someone without global 

view to start working. As described in the previous paragraph, functions and tests 

can be developed in isolation, so in CrowdCode the microtasks are designed at the 

artifact granularity level. 

 Types 

Eight different type of microtasks are available: 

¶ write function description , edit function, reuse search and write call  are ded-

icated to the coding part 

¶ write test cases and write test  are for the testing part 

¶ machine unit test and debug a test failure for the test running and debugging 

part 

In the rest of the paragraph, we list and describe the microtask types used in Crowd-

Code. The provided examples are related to the doMove function, part of the func-

tions API to implement a simple web game. The doMove arguments are an array of 

rooms, a player and a direction. Every room contains information about its size and 

the collectible items contained in it. The player contains the current room Id and its 

position in coordinates. The direction indicates the direction where to move the 

player. The function has to return the updated player data with its new position.  
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Edit a Function 
The edit function microtask asks the worker to sketch or implement the requested 

function, providing him a textual description of the function and a function editor. 

The worker, following the function description and signature, can either sketch 

some high-level feature by using pseudo-code or write the implementation with ac-

tual JavaScript code. Each of the pseudo-code lines should be prefixed with ȬȾȾΠȭ.  

 

 

Figure 2-4: edit function microtask, code editor detail  

4ÈÅ ÌÉÍÉÔÁÔÉÏÎÓ ÏÎ ÔÈÅ ÍÉÃÒÏÔÁÓË ÃÏÎÔÅØÔ ÄÏÎȭÔ ÁÌÌÏ× ÔÈÅ ×ÏÒËÅÒ ÔÏ ËÎÏ× ÔÈÅ ÏÔÈÅÒ 

functions in the system aÎÄ ÈÅ ÃÁÎȭÔ ÃÒÅÁÔÅ Á ÎÅ× ÆÕÎÃÔÉÏÎ ÂÙ ×ÒÉÔÉÎÇ ÔÈÅ ÄÅÓÃÒÉÐÔÉÏÎ 

inside the same function editor. To call an external function, the workers should use 

the pseudo-call syntax, that consists in writing a short description of the function to 

call prefixed with ȬȾȾȦȭ. Pseudo-call blocks are later replaced with real function calls 

by other workers in the crowd.  

In Figure 2-4, for example, the worker has sketched some of the code for the doMove 

function. Both pseudo-call and pseudo-code have been used. The pseudo-call asks 

for a function that performs a check to see if it is allowed to move the player on the 

given direction. The pseudo-code block instead, sketches the action to be performed 

on the player object in the case the validity check passes.  
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Reuse Search 
This microtask is aimed to find appropriate replacement functions for all the 

pseudo-calls present in the code of the functions. The worker, between the list of the 

functions already in the API, has to find the one that can replace the described 

pseudo-call. If any of the prompted functions matches the pseudo-call description, 

ÔÈÅ ×ÏÒËÅÒ ÃÁÎ ÓÅÌÅÃÔ ȰÎÏ ÆÕÎÃÔÉÏÎ ÄÏÅÓ ÔÈÉÓȱȟ ÁÓËÉÎÇ ÔÈÅ ÃÒÏ×Ä ÔÏ ÉÍÐÌÅÍÅÎÔ Á ÎÅ× 

one.  

 

Figure 2-5: reuse search microtask detail 

In figure 2-5 the worker has to search a function to replace the pseudo-call previ-

ously asked in an edit function microtask. The pseudo-ÃÁÌÌ ÉÓ ÄÅÓÃÒÉÂÅÄ ×ÉÔÈ ȰÃÈÅÃË 

ÉÆ ÔÈÅ ÐÌÁÙÅÒ ÄÏÅÓÎȭÔ ÃÒÏÓÓ ÔÈÅ ×ÁÌÌȱȢ 3ÉÎÃÅ ÎÏ ÆÕÎÃÔÉÏÎ ÉÎ ÔÈe API does the requested 

check, tÈÅ ×ÏÒËÅÒ ÈÁÓ ÔÏ ÐÒÅÓÓ ÔÈÅ Ȱ.Ï ÆÕÎÃÔÉÏÎ ÄÏÅÓ ÔÈÉÓȱ ÉÎ ÏÒÄÅÒ ÔÏ ÓÔÁÒÔ ÔÈÅ ÃÒÅÁȤ

tion of a new function. 
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Write Function Description 
A write function description  microtask is spawned for each of the new requested 

functions. Therefore, this microtask gets generated after the submission of a reuse 
search ÍÉÃÒÏÔÁÓË ×ÉÔÈ ÔÈÅ ȰÎÏ ÆÕÎÃÔÉÏÎ ÄÏÅÓ ÔÈÉÓȱ ÏÐÔÉÏÎ ÃÈÅÃËÅÄȢ 4Ï ÃÏÍÐÌÅÔÅ ÔÈÅ 
microtask, the worker has to write a detailed description and signature of the func-

tion that should replace a given pseudo-call. The worker is provided with a function 

description editor, composed by various text fields. The description is validated for 

inconsistencies or errors (i.e. a parameter name is already in use, function name is 

already in use, invalid parameter type, etc.).  

 

Figure 2-6: write function description microtask detail 

In the screenshot of figure 2-6 the worker is asked to implement the description for 

the replacement function for the pseudo-ÃÁÌÌ ȰÃÈÅÃË ÉÆ ÔÈÅ ÐÌÁÙÅÒ ÉÓ Én the room 

ÂÏÕÎÄÁÒÉÅÓȱȢ  
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Write Call 
When a replacement function for a pseudo-call is found or created, a write call  mi-

crotask is spawned. The worker has to replace the highlighted pseudo-call blocks 

with a call to the found replacement function, writing additional adaptation code if 

required.  

 

Figure 2-7: write call microtask detail  

In Figure 2-7 a detail of the write call microtask. The worker has to replace the 

ÐÓÅÕÄÏ ÃÁÌÌ ȰÃÈÅÃË ÉÆ ÔÈÅ ÐÌÁÙÅÒ ÄÏÅÓÎȭÔ ÃÒÏÓÓ ÔÈÅ ×ÁÌÌȱ ×ÉÔÈ ÔÈÅ isPlayerInRoom-
Boundaries function, previously described in a write function description  microtask 
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Write Test Cases 
The write test cases microtask is where the testing phase of each function begins. 

The task consists in writing, in natural language, the description of all the possible 

cases that have to be tested to ensure that the function is fully implemented. For 

each of the described test cases, a test artifact will be generated. 

 

Figure 2-8: write test cases microtask detail  

In the screenshot of figure 2-8, the worker is writing the description for some of the 

cases in which the function doMove should be tested. 
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Write Test 
Given the description of a test case and the description of its related function, the 

write test microtask asks the worker to write an implementation for the test. In 

CrowdCode, a test implementation is the specification of the output value obtained 

by calling the function with a precise set of inputs. The worker has to specify, inside 

the provided input fields, the JSON data structure for both the arguments and the 

output of the function. To be valid, the value of the input fields has to respect the 

structure of the specified data type. If the test case description is itself incorrect or 

impossible to implement, an issue can be reported. In order to allow the crowd to 

fix the problem, the worker that reports an issue must also describe it providing a 

short text. 

 

Figure 2-9: write test microtask detail  

In the example of figure 2-9, the worker is implementing the previously described 

test-ÃÁÓÅ ÔÈÁÔ ÁÓË ÔÏ ÔÅÓÔ ÔÈÅ ÃÏÎÄÉÔÉÏÎ ×ÈÅÒÅ ÔÈÅ ÉÎÐÕÔ ÄÉÒÅÃÔÉÏÎ ÉÓ Ȱ./24(ȱ ÁÎÄ 

the player is at the top of the room (0,0 with coordinate starting from the top left 

corner).  
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Machine Unit Test 
This microtask executes automatically, without asking for the worker intervention. 

Machine unit test gets generated when both a function and its tests become imple-

mented. Every time this microtask is executed, all the implemented tests of all the 

ÆÕÎÃÔÉÏÎÓ ÁÒÅ ÒÕÎ ÉÎÓÉÄÅ ÔÈÅ ×ÏÒËÅÒȭÓ ÂÒÏ×ÓÅÒȢ  

Debug 
The debug microtask gets generated after a test run fails. The worker is prompted 

with the function editor and the list of the implemented tests. The failing tests have 

a red background and the passing ones have a green background. The worker can 

debug a failing test by inspecting the differences between the expected and actual 

return values and by editing the function code. He can then run again the tests with 

the updated code to see if the bug has been fixed. If the cause of a test failure is in 

the test implementation rather than being in the function code, the worker can re-

port an issue with the test. Finally, if the bug is caused by an error in the return value 

of one of the called functions, the worker can replace the wrong output with the ex-

pected one by manually inserting it. 

 

Figure 2-10: debug microtask- detail 

Figure 2-10 shows some details of a debug microtask. The worker has to debug the 

function doMove ÔÏ ÌÅÔ ÔÈÅ ÔÅÓÔ ÃÁÓÅ Ȱ-ÏÖÅ ÔÈÅ ÐÌÁÙÅÒ ÔÏ 7%34ȱ ÐÁÓÓȢ  
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 Generation and assignment 

In CrowdCode, the microtask generation is dynamic and completely automated.  

For example, a function in need of its description to be written generates a write 
description microtask, or a function that is implemented and has to be tested gener-

ates a machine unit test microtask. The system also handles changes to the artifacts, 

propagating the events to the artifacts that depend on it. In response to these events, 

additional microtasks are created. For example, if a worker changes the signature of 

a function, all the tests and caller functions have to be updated, therefore Edit Test 

and Edit Function microtasks are generated.  

Each artifact can spawn multiple microtasks per time, or spawn other microtasks 

when one of them is still out for work. Newly generated tasks are put in the artifact 

local queue. When the microtask that is out is submitted, the next task in the local 

queue is pushed iÎÓÉÄÅ ÔÈÅ ÐÒÏÊÅÃÔȭÓ ÇÌÏÂÁÌ ÑÕÅÕÅ 

 

Figure 2-10: local /global microtask queue and  microtask assignment 

When a worker logs into the system, he is automatically assigned the first microtask 

in the global queue if not empty. The project also keeps a list of the current assigned 

microtasks, with a reference to the worker. Automatic microtask assignment, com-

pared to manual task assignment in which workers themselves select microtasks, 

has two key advantages. First, workers do not spend time searching for microtasks, 

increasing the time they may use to work. Second, by using a queue to assign work 

to workers, the system can ensure that no microtasks starve because workers do 

not wish to attend to them, even initially. However, automatic task assignment can 

reduce worker motivation, as workers no longer can choose what they can work on 

[11]. In order to provide the benefits of both automatic task assignment and choice, 

CrowdCode lets workers skip microtasks. Skipping a microtask adds the microtask 

back to the global queue, enabling it to be assigned to the next worker seeking work. 

To encourage workers to do microtasks that may be undesirable, skipping a mi-

crotask increases the points that the worker will gain when successfully completing 

the microtask.  
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2.3 Workflow 

All work begins with a client request that specifies the requirements of a functions 

library to be implemented by the crowd. For each of the requested functions, an au-

tonomous workflow gets started. From the function descriptions, the work proceeds 

in two different branches that proceed in parallel: the implementation of the func-

tion and the implementation of its tests. These two branches, once complete, will 

converge in the run test node, where the debugging branch begins. As already seen 

in the function state machine description, during the project life-span every function 

can jump back and forward between the implementation and the debugging phases.  

 

Figure 2-11: workflow  

In the following paragraphs, we describe the details of the different phases of the 

workflow: the client request, the implementation phase, the testing phase and fi-

nally the debugging one.  
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 Client Request 

The clients log in the system and describes an API with a set of functions, each con-

taining the description and the function signature, including its name, return type, 

and list of parameters. Together, these functions describe the behavior of a library 

that can be incorporated by the client into a larger codebase. Clients also specify a 

set of data types, allowing each function to have a type describing the legal values 

that may be passed to and returned from the client and to be used internally within 

ÔÈÅ ÌÉÂÒÁÒÙȭÓ ÉÍÐÌÅÍÅÎÔÁÔÉÏÎȢ 

 Writing Code 

Writing code involves various tasks - writing function descriptions, sketching high-

level algorithms, implementing the sketched code, searching for local existing func-

tions to be reused, adding new functions to be created, adding functions call and 

refactor code in case of change in the interface of the functions being called. Each of 

these separate activities corresponds to separate microtasks performed by the 

crowd. 

 

 

Figure 2-12: programming workflow detail 

The crowd begins implementing the requested API functions with edit function mi-

crotasks. The description of the function, its signature, instructions about how to 

write code and a code editor, are all provided inside the single edit function. Work-

ers may implement some lines of real code as well as sketching part of the function 

by describing at high level what has to be done. Sketching is allowed through the use 

of a special syntax, that we call pseudo-code. If a worker needs to call other functions 

or split the work to be done on multiple functions, he can use the pseudo-call syntax 

and describe at high level which functionalities he does need. Every time a pseudo-

call is used, the worker has to describe textually which functionalities should be im-

plemented in that function and ask the crowd to find or create it. Workers are al-

lowed to submit functions containing pseudo-code and/or pseudo-call blocks. 
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Until the submitted function code contains even a line of pseudo-code, the system 

keeps generating an edit function microtask to ask other workers to replace the 

pseudo-code blocks with actual code. The same happens when even a pseudo-call 

has not been resolved to a real function call. 

For each requested pseudo-call a reuse search microtask will be spawned. It pre-

sents the user with the text of the pseudo-call, the context in which it was called and 

the list of descriptions of all the functions already present in the API. The worker, 

searching through the list, will either determine whether the requested functional-

ity is already implemented or choose to create a new function. In case of the creation 

of a new function, a write function description  task will request for a full function 

description along with its signature, parameters and parameters type. Finally, when 

a function satisfying the request is found or described, a write call microtask is gen-

erated, providing to the worker the same code editor of the write function task and 

specific instructions on the function call sites. 

When editing a function, workers are free to change every part of the code as they 

wish. They can modify the description, the function name, the parameters name and 

type and the output type. Any change to the signature of a function causes the prop-

agation of the interface change signals to the callers and tests of the function, which 

may need to change to reflect the new function interface. 

 Testing 

 

Figure 2-13: Testing workflow detail 

Testing is the part of the workflow aimed to validate the code written in the pro-

gramming part. Tests are written in two phases - the definition of the test cases for 

a function and the implementation of the defined test cases.  First, as soon as a func-

tion becomes described by the client or by a Write Function Description task, a Write 

Test Cases microtask is generated. While writing test cases for a function, workers 
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are requested to enumerate and shortly describe, in natural language, the test cases 

for the function given its description. Allowing a single worker per time to define 

and list all the possible test cases, helps in terms of test coverage and avoids dupli-

cation. In the second phase, each submitted test case generates a Write Test mi-

crotask. A worker is provided with the function and test case description and asked 

to write an implementation for the test. Specifying a test for CrowdCode consist in 

writing the expected output for a precise set of inputs. To speed up this process, the 

microtask provides a different field for each function input and output. Test input 

and output values are checked for data type validity and syntax correctness. In case 

the worker feels that the given description for a test case is incorrect for the func-

tion, or is impossible to implement, they may report an issue with the test cases. This 

generates a new write test cases that prompts a different worker to address the 

found issue by editing and removing previous test cases or adding new ones. As for 

the function signatures, any change in a test case description generates a new write 

test microtask reporting the change and asking the worker to edit the test. 

 Running tests and debugging 

 

Figure 2-14: debugging workflow detail 

When the code has been written and the test implemented, running tests is the 

merging point between the coding part and the testing part of the workflow . Usually, 

the tests of a function should be run whenever all functions directly or indirectly 

called, are implemented and tested. For our system, global coordination such as this 

would be fragile: the tests of a function should be run when all related functions 

ÔÒÁÎÓÉÔÉÏÎ ÔÏ ÔÈÅ ×ÒÉÔÔÅÎ ÓÔÁÔÅȟ ÔÈÅÒÅÆÏÒÅ ×ÈÅÎ ÔÈÅÉÒ ÃÏÄÅ ÄÏÅÓÎȭÔ ÃÏÎÔÁÉÎ ÁÎÙ 

pseudo-code or pseudo-call. In CrowdCode, changes to the function code happen 

continuously and waiting the completion of every function in the call stack before 

running the tests, would entail a meaningful waste of time.  

A simpler local rule is used: the tests of a function are run whenever the function 

transitions to the implemented state and all of its tests are in the implemented state. 

A special Machine Unit Test microtask is then generated and whenever it is assigned 
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to a worker, it runs all the implemented tests for all described functions in the sys-

tem, regardless if they are written or not. Tests for functions that are not yet written 

are ignored by the system. 

The failing tests, if any, generate a transition of the function to the buggy state. An 

appropriate Debug microtask is then created. At this stage, the worker  is presented 

with  the function code and the list of all the unit tests of that function. The passed 

tests are underlined in green, and the failed ones in red. 

As the worker changes the code, the tests can be manually re-run to check if the new 

edits have fixed the bug. Any eventual issue found with the code of the failing tests, 

can be reported and fixed at a second time by the crowd. It can happen that both the 

function code and the test are correct and the bug is inside one of the called func-

tions. To allow function debugging to happen in isolation, the workers can simulate 

the correct behavior of the called functions. For each set of the input values passed 

to the functions called during the test run, workers can manually insert the expected 

return  ÖÁÌÕÅȢ 4ÈÉÓ ÔÅÃÈÎÉÑÕÅ ÉÓ ÁÌÓÏ ËÎÏ×Î ÁÓ ȰÆÕÎÃÔÉÏÎ ÓÔÕÂbingȱȢ For example, if 

the function ÕÎÄÅÒ ÄÅÂÕÇÇÉÎÇ ÃÁÌÌÓ ÔÈÅ ÆÕÎÃÔÉÏÎ ȬÁÖÅÒÁÇÅȭ ×ÉÔÈ ÔÈÅ ÐÁÒÁÍÅÔÅÒÓ 2 and 

4 and this call returns 5, the worker can edit the output so that the next call to the 

function ȬÁÖÅÒÁÇÅȭ ×ÉÔÈ ÔÈÅ ÓÁÍÅ ÐÁÒÁÍÅÔÅÒÓȟ ×ÉÌÌ ÒÅÔÕÒÎ σȢ )Æ ÔÈÅ ÓÔÕÂÂÉÎÇ ÏÆ Á ÃÁÌÌÅÅ 

function makes a previously failing test succeed, the stub becomes a new test for the 

that function. 
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2.4 Workers collaboration 

Each microtask is designed to be self-contained, including all the required contex-

tual information in it self. Unfortunately, in complex tasks like programming it  is in-

evitable that some decisions need to be made by reaching a mutual agreement be-

tween the workers. For example, these decisions have to be made when establishing 

code conventions or when designing new features. With this premises a platform for 

crowd development has to offer some tool to facilitate the coordination between 

workers.  

Different tools have different pros and cons. From preliminary user studies, we 

found that a global chat well suites the case of small teams working on the same 

project at the same period of time and for CrowdCode, a project global chat has been 

chosen as the only coordination method between the workers. Every worker can 

read the messages posted by other users working at the same project and post them-

selves new messages to the chat. In our experiments, workers used the chat mostly 

to ask questions about the interface of the microtasks and about further explana-

tions of the description of the functions. The chat is also a place where workers can 

talk about off-topic arguments. Phenomenon like this, help in bounding together the 

workers. 
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2.5 Workers incentives and project awareness 

Even if CrowdCode is built for transient workers, a crowdsourcing platform has to 

incentivize the users to be motivated, staying in the system and come back later to 

contribute more to the project. Literature suggests that gamification works in chal-

lenging and motivating the workers, but some caveats exist [18] .  

First of all, to keep workers aware of the size of the project and its current comple-

tion state, CrowdCode provides real time statistics. Every time a microtask is sub-

mitted, the total number of lines of code, the numbers of described functions and 

the one of the completed microtasks are updated and displayed to the worker. 

To reward users, CrowdCode implements a simple gamification system based on 

points. A worker gets awarded with points every time he completes a microtask. The 

number of awarded points depends on the type of the completed microtask. For 

each microtask type, the awarded points are proportional to the required effort to 

ÃÏÍÐÌÅÔÅ ÔÈÅ ÍÉÃÒÏÔÁÓËȢ 7ÏÒËÅÒÓ ÃÁÎ ÓËÉÐ ÍÉÃÒÏÔÁÓËÓ ÔÈÁÔ ÔÈÅÙ ÄÏÎȭÔ ×ÁÎÔ to work 

on. To prevent the starvation of often skipped microtasks and incentivize their com-

pletion, each skip increments the microtask value. Workers can see at any time the 

leadership board displaying the current score of each worker. This way everyone 

can have a summary on who contributed the most to the project realization. 

Furthermore, workers can find a personal work log in the activity feed panel. The 

log is the list of microtask they have previously completed. 
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9ȄǘŜƴŘƛƴƎ /ǊƻǿŘ/ƻŘŜ 

 

After analyzing the CrowdCode platform described in chapter 2, we found different 

development paths that could be explored to improve and extend its functionalities. 

These improvements have been designed to overcome some of the limitations of the 

previous version of the CrowdCode platform, as determined by the outcome of sev-

eral empirical studies, conducted on a re-designed and re-implemented version of 

the platform. 

As mentioned before, in a microtasking platform every new feature has the potential 

to alter the balance of the three design dimensions described in chapter 1: decom-

position, quality and coordination. We designed some new features and classified 

them by considering which of these three dimensions were affected the most by 

each of them. 

Some of the introduced functionalities required substantial changes to the initial 

framework. In order to use the CrowdCode platform in different sets of user studies, 

characterized by different needs in terms of functionalities, most of these new fea-

tures have been designed to be pluggable modules. 

Chapter Organization: the remainder of the chapter is organized in the following 

fashion: 

¶ In Section 3.1 we analyze how we extended CrowdCode to improve the 

quality of the crowd-sourced work. We augmented the testing possibilities 

of the system, introduced the review microtask and improved the mecha-

ÎÉÓÍ ÂÅÈÉÎÄ ÔÈÅ ×ÏÒËÅÒÓȭ ÉÎÃÅÎÔÉÖÅ ÁÎÄ ÅÎÇÁÇÅÍÅÎÔȢ 

¶ In Section 3.2 we explain some possible methods that help to keep the con-

tributions small. We also propose a different way to decompose the pro-

gramming task. 

¶ In Section 3.3 we explain how we improved the platform mechanisms for co-

ordinating the different contributions, coordinating the workersȭ decisions 

and enabling the workers specialization [19] . 
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3.1 Quality  

 Augmenting the test possibilities 

The version of CrowdCode described in Chapter 2, allows the workers to write unit 

tests for the function only by specifying what should be the output value returned 

by calling the function with a precise set of inputs values. The auto-generated test 

code is an equality assertion that checks the actual return value to be equal to the 

expected one. An example of such a test is the one in table 3-1. For the function that 

moves the character inside a rectangular map, the test cases description asks to 

ÃÈÅÃË ÔÈÁÔ ÔÈÅ ÃÈÁÒÁÃÔÅÒ ÄÏÅÓÎȭÔ ÃÈÁÎÇÅ ÐÏÓÉÔÉÏÎ ×ÈÅÎ ÉÔȭÓ ÏÎ ÔÈÅ ÌÅÆÔ ÅÄÇÅ ÏÎ ÔÈÅ 

map and a move left is called.   

test case 
 description 

If the character is in the left edge of the map, a movement in the left direction 

doesnôt affect the characterôs position  

Function 
 signature 

Character doMove(Character c, Map m, String direction) 

c 
(Character) 

{  
  ñnameò: ñJohnò, 
  ñhealthò: 100, 
  ñpositionò: {ñxò: 0, ñyò: 0}  
}  

m 
(Map) 

{ ñwidthò: 10, heightò: 10 } 

direction 
(String) 

ñleftò 

output 
(Character) 

{  
  ñnameò: ñJohnò,  
  ñhealthò: 100, 
  ñpositionò: {  
    x: 0,  
    y: 0 
  }  
}  

auto- 
generated  
test code 

var c = {  
          ñnameò: ñJohnò,  
          ñhealthò: 100, 
          ñpositionò: {ñxò: 0, ñyò: 0}  
        },  
    m = {ñwidthò: 10, ñheightò: 10}, 
    d = ñleftò; 
 
equal(c, doMove(c, m, d)); 

Table 3-1: input/output test example 

While this kind of test is very easy to implement, there are some cases where in-

put/output tests are not enough to fully implement a test case. In the example of 

table 3-ρȟ Á ÂÅÔÔÅÒ ÔÅÓÔ ÃÁÓÅ ÃÏÕÌÄ ÈÁÖÅ ÂÅÅÎ ȰÔÈÅ ÃÈÁÒÁÃÔÅÒ ÃÁÎȭÔ ÍÏÖÅ ÏÕÔÓÉÄÅ ÏÆ ÔÈÅ 

ÍÁÐȱȢ 7ÉÔÈ ÔÈÉÓ ÔÅÓÔ ÃÁÓÅȟ ÍÕÌÔÉÐÌÅ ÃÈÅÃËÓ ÈÁÖÅ ÔÏ ÂÅ ÄÏÎÅȢ 4ÈÅÒÅÆÏÒÅȟ ÔÈÅ ÓÉÎÇÌÅ 
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equality check provided by an inputs/output test is not sufficient. For example, an 

advanced testing feature may help when the test case implementation asks to check 

for the validity of different conditions on the inner properties of an object, or when 

it asks to check if any exception has been raised. 

We augmented the test possibilities by introducing the assertion test. In an assertion 

test, the worker is allowed to write some code for the test implementation rather 

ÔÈÁÎ ÊÕÓÔ ÓÐÅÃÉÆÙÉÎÇ ÁÎ ÅØÐÅÃÔÅÄ ÒÅÔÕÒÎ ÖÁÌÕÅȢ 7ÈÅÎ ×ÒÉÔÉÎÇ ÁÎ ȬÁÓÓÅÒÔÉÏÎ ÔÅÓÔȭ ÔÈÅ 

worker is free to choose how to implement the test case between a long list of pos-

sible assertion checks. The list includes assertions for checking the equality, the data 

type, whether any exception has been raised, etc.  

test case 
 description 

The character canôt move outside of the map 

function 
 signature 

Character doMove(Character c, Map m, String direction) 

test code var map = {ñwidthò: 10, ñheightò: 10}, 
    c = {  
          ñnameò: ñJohnò,  
          ñhealthò: 100, 
          ñpositionò: {}  
        }  
    res; 
 
function checkPositionOk(){ 
  assert.isAtLeast(c.position.x, 0); 
  assert.isAtLeast(c.position.y, 0); 
  assert.isAtMost(c.position.x, map.width-1); 
  assert.isAtLeast(c.position.y, map.height-1); 
}  
 
// check top and left border 
c.position = {ñxò: 0, ñyò: 0}; 
checkPositionOk(doMove(c, m, ñtopò));  
checkPositionOk(doMove(c, m, ñleftò)); 
 
// check bottom and right borders 
c.position = {ñxò: 9, ñyò: 9}; 
checkPositionOk(doMove(c, m, ñbottomò));  
checkPositionOk(doMove(c, m, ñrightò)); 

Table 3-2: assertion test example 

In CrowdCode, testing is the mechanism used to grant quality to the functions code.  

Assuming the test suite to be complete and correctly implemented for a function, if 

ÔÈÅ ÆÕÎÃÔÉÏÎ ÐÁÓÓÅÓ ÉÔÓ ÔÅÓÔ ÓÕÉÔÅȟ ÉÔ ÍÅÁÎÓ ÔÈÁÔ ÉÔȭÓ ÂÅÈÁÖÉÎÇ ÁÓ ÅØÐÅÃÔÅÄ ÁÎÄ ÔÈÅÒÅȤ

ÆÏÒÅ ÉÔȭÓ ÒÅÁÄÙ ÔÏ ÂÅ ÕÓÅÄ ÂÙ ÔÈÅ ÃÌÉÅÎÔ ÒÅÑÕÅÓÔÏÒȢ %ØÔÅÎÄÉÎÇ ÔÈÅ ÔÅÓÔ ÐÏÓÓÉÂÉÌÉÔÉÅÓȟ 

indirectly extends the coding possibilities. For example, with an assertion test it be-

comes possible to allow a function to raise an exception in case a wrong input value 

is passed. If limited to the use of inputs/output tests instead, developers have to find 

different alternatives like making the function return a null or undefined value.  
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 Reviewing contributions  

In a vast crowd, assessing the specific expertise of the workers is hard. Poor mi-

crotasks submissions can lower the quality of the overall result and generate large 

amount of work to be fixed. Therefore, designing a mechanism to ensure a good 

quality of the resulting work is a crucial decision in designing crowdsourcing sys-

tems. In most of the crowd-working platforms (i.e. Mechanical Turk) the problem 

of quality is solved by replicating the same microtask several times and later on ag-

gregating the obtained results with map-reduce algorithms. This approach works 

well in case of crowdsourcing simple work, but when the possibilities to replicate 

several times the same microtask are restricted, like in crowdsourcing complex 

and creative work, other solutions have to be adopted.  

To ensure ÔÈÅ ÑÕÁÌÉÔÙ ÏÆ #ÒÏ×Ä#ÏÄÅ ÍÉÃÒÏÔÁÓËÓȭ ÓÕÂÍÉÓÓÉÏÎÓȟ ÉÎÓÐÉÒÅÄ ÂÙ ÔÈÅ ÃÏÄÅ-

review routines successfully adopted in traditional  programming teams [20]  and in 

other crowdsourcing experiments [21] , we introduced the review microtask. For 

each of the microtask submissions - except for the reuse search and for the review 

itself - a review microtask is generated and added to the project microtasks queue. 

 

Figure 3-1: review microtask 
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Performing a review microtask, the worker is provided with the same information 

that were given to the worker that submitted the microtask under review, in addi-

tion to the submission data. For microtasks where the edits are incremental (i.e. 

write test cases, write function ), the work to be reviewed is highlighted to differen-

tiate it from the work done in previous iterations. For example, in the case of coding 

microtasks, the code from previous iterations and the freshly submitted one are 

passed to a code diff viewer (Fig.3-1). 

 To complete a review microtask, the worker has to evaluate the submission by 

choosing a rating (from 1 to 5 stars) and writing a brief description to motivate his 

choice. Depending on the assigned review rating, a microtask submission is ac-

cepted, in need of revision or rejected. A submitted work should be rejected and 

completely discarded when the quality is very poor, reissued when there are some 

aspects that need improvement and accepted if it  ÄÏÅÓÎȭÔ ÎÅÅÄ ÁÎÙ ÉÍÐÒÏÖÅÍÅÎÔȢ 

In the preliminary  user studies conducted after the review introduction, the re-

viewer could only reject (1-3 stars) or accept (4-5 stars) a microtask submission. 

This choice led to the rejection of partially correct pieces of work that could have 

been fixed rather than being discarded. In order to prevent the rejection of partially 

good contributions, the rejection option has been discarded in favor of the reissue 

one (fig. 3-2). 

 

Figure 3-2. Review mechanism  

Providing another worker with the possibility to review and comment other work-

ÅÒÓȭ ÃÏÎÔÒÉÂÕÔÉÏÎÓȟ ÐÒÏÖÉÄÅÓ Á ÖÁÌÕÁÂÌÅ ÆÅÅÄÂÁÃË ÔÏ ÂÏÔÈ ÔÈÅ ÓÕÂÍÉÔÔÅÒ ÁÎÄ ÔÈÅ ÒÅȤ

viewer. Furthermore, reviews can quickly help to progress work that is headed in 

an unproductive direction and educate confused workers about the correct way to 
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work. To discourage workers from gaming the system by making worthless contri-

butions, a reward, proportional to the received review score, is given to the worker 

that submitted the microtask. 

Reviews challenging 
In some cases, the reviewer can make different assumptions than those made by the 

user that submitted the microtask. It can happen that good work is judged as poor 

only because the reviewer and reviewed workers came to different valid conclu-

sions after making different assumptions. Since the review outcome also influences 

ÔÈÅ ×ÏÒËÅÒȭÓ ÒÅÐÕÔÁÔÉÏÎȟ ×Å ÁÄÄÅÄ ÔÈÅ ÐÏÓÓÉÂÉÌÉÔÙ ÔÏ ÃÈÁÌÌÅÎÇÅ Á ÆÁÕÌÔÙ ÒÅÃÅÉÖÅÄ ÒÅȤ

view by providing an explanation. When a worker challenges a received review, the 

system creates a new review challenge microtask that will be assigned to a third 

worker. The worker judging a review challenge can see both the submission and the 

review outcome and has to select a winner for the challenge. As a review challenge 

gets solved, the worker who started the challenge can win or loses points. 

4ÈÅ ÒÅÖÉÅ× ÃÈÁÌÌÅÎÇÅ ÓÙÓÔÅÍ ÄÏÅÓÎȭÔ ÁÆÆÅÃÔ ÔÈÅ ×ÏÒËÆÌÏ× ÂÕÔ ÏÎÌÙ ÔÈÅ ×ÏÒËÅÒÓȭ ÒÅÐȤ

utation. As soon as the review is submitted, the server elaborates the submission 

and proceeds to the next steps. Therefore, when a review challenge gets accepted, it 

is impossible to roll back the project status to the one at the time of the review.   
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 Conforming contributions: issue report features 

Workers performing a microtask can only see a part of the artifact  information. For 

example, workers implementing a test can only see the description of the function 

and none of the other implemented tests or the function code. At the same time 

workerÓ ÉÍÐÌÅÍÅÎÔÉÎÇ ÔÈÅ ÃÏÄÅ ÏÆ Á ÆÕÎÃÔÉÏÎ ÃÁÎȭÔ ÓÅÅ ÔÈÅ ÁÌÒÅÁÄÙ ÉÍÐÌÅÍÅÎÔÅÄ 

tests for the function. Limiting the provided context to only a local view of the arti-

fact facilitates the workers in making different assumptions on how a microtask 

should be completed. Integrating together such pieces of work can sometime be-

come impossible.  Furthermore, the way in which a microtask is completed directly 

affects the possibility to complete or not the microtasks generated by the submis-

sion of the first. For example, in our studies it happened that test cases description 

were too broad and impossible to implement with only inputs/output tests. The fol-

lowing write test microtask was then impossible to complete. Because of these rea-

sons, we extended the workflow to make it more dynamic. In each microtask, the 

parts of contextual information derived from other workers' submissions can be re-

ported as problematic. For instance, in a write test microtask it's possible to report 

the test case description, while in a debug microtask it's possible to report both the 

function description and the failing tests implementation. In table 3-3 are described 

all the possible issue report features available for each of the microtasks. 

Microtask Possible issue report 

edit function the function is useless and should be deleted from 
the system 

write test cases the function description or signature are incon-
sistent 

write t est the function description or signature are incon-
sistent 
 
the test case description is inconsistent 

reuse search the function description or signature is inconsistent 
write function description the requested function is not implementable 
debug test failure the test implementation is wrong 

Table 3-3: issue report features 

The issue report request gets also reviewed. If the issue request gets declined (less 

than 3 stars), the microtask where the request was made gets reissued. If the issue 

gets accepted, a microtask aimed to solve it is generated.  
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 Incentivizing and engaging the workers 

Gamification and achievements 
Assigning points to the workers as they successfully complete microtasks is a good 

way to challenge workers and push them to do work at their best. Unfortunately, it 

fails when workers start to compete with each other, having leaderboard escalation 

as the only goal instead of collaboration aimed at the project completion. When aim-

ing at reaching the top of the leaderboard, workers can start gaming the platform. 

For example, reviews can be systematically rejected with the purpose of assigning 

less points to the author of the reviewed submission.  

In order to address these problematics, we coupled the point system with an 

achievement system. Achievement systems are successful in engaging user commu-

nities [22] . Other crowdsourcing platforms as TopCoder and StackOverflow are al-

ready successfully using achievements in their gamification systems. Our choice be-

hind such a gamification mechanism is to moderate the effects of competition [23] .  

In CrowdCode, workers unlock achievements by completing the tutorials (each mi-

crotask shows a different tutorial), collaborating on the Q&A (paragraph 3.3.2) or 

successfully completing microtasks. The achievements are grouped in two sets. The 

achievements belonging to the first set are aimed to certify the workersȭ expertize 

on the platform functionalities. The firs set achievements are: 

¶ A tutorial have been completed for the first time 

¶ 1 microtask has been submitted 

¶ 5 microtasks have been submitted 

¶ a submitted microtasks have been accepted 

¶ a question has been asked on the Q&A 

¶ 10 submitted microtasks have been accepted and 5 review microtasks have 

been completed 

After each of the assignments in the first set is unlocked, the worker is given the 

possibility to use the microtask selection dashboard (paragraph 3.3.3). 

The second set of achievements is aimed to give the worker specific rewards that 

attest their expertise by tracking their result on different tasks. Some of the achieve-

ments of the second group are:  

¶ 5 write test microtasks completed 

¶ 10 edit function microtasks completed 

¶ 10 up votes received on an answer posted in the Q&A 

¶ 15 views for a question posted in the Q&A 

¶ 20 of the submitted microtasks have been rated with 4 or 5 stars 

¶ 10 microtask submissions in a row (without any skip)  
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Notifications 
To better involve the workers and get them real-time feedback, we added a basic 

notifications system. The user gets updates on events involving its previous contri-

butions. For example, the worker gets notified whenever one of the microtasks he 

submitted passes the review stage, or when a comment has been added to one of the 

answers he posted to a question in the Q&A. The list of the worker notifications is in 

table 3-4.  

 Notification Description 

Question added a new question has been asked 
Answer added a question has been answered 
Comment added a comment has been posted 
Task accepted a previously submitted microtask, has been accepted 
Task reissued a previously submitted microtask, has been reissued 
Challenge in progress a previously submitted review, has been challenged 
Challenge lost a challenge has been lost 
Challenge won a challenge has been won 
Worker level-up the worker leveled up 
New achievement a new achievement has been unlocked 
Dashboard the microtasks selection dashboard has been unlocked 

Table 3-4: notifications 
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3.2 Decomposition  

 Keeping the contributions small 

Working in traditional environments, workers are used to complete considerable 

amounts of labor all by themselves. In software engineering tasks this phenomenon 

is even more prominent: programmers are used to complete large software modules 

on their own, acquiring a sort of ownership on the entire module. Moreover, addi-

tional work to be done on a module - re-factorization, addition of new features, de-

bugging, etc.ɀ  is assigned to the same programmer that initially wrote it. Involving 

workers with such deep-rooted habits in working with the microtasking paradigm 

is challenging. In a microtask programming platform such as CrowdCode, the own-

ership of an artifact is shared with  all the participants of the project. Additionally, 

developers have to complete very small tasks compared to the ones they are used 

to. In our experiments we found that workers find unnatural doing micro contribu-

tions. For example, some workers sometimes worked as long as 66 minutes on a 

single edit function microtask, working to write the whole function code at once. 

While having a single person take care of a consistent block of code is positive to 

decrease the overhead time, in our workflow it locks t he microtasks generation, im-

posing a serious limit on the system scaling possibilities.  

To ensure that the contributions remain small and reduce the workflow locks, for 

CrowdCode we designed two mechanisms. The first is a completion time limit and 

is aimed to reduce the submission time for all the microtasks. The second is a con-

tribution size limit and is aimed to prevent the worker from writing the whole code 

of the function at once. 

Time limit 
All microtasks are limited in duration to 10 minutes. While completing a microtask, 

the worker can see the remaining time on a colored bar. After 6 minutes he receives 

Á ×ÁÒÎÉÎÇȢ )Æ ÔÈÅ ×ÏÒËÅÒ ÄÏÅÓÎȭÔ ÓÕÂmit his work before the timer expiration, the 

task is automatically skipped and the contribution lost.  

Statements limit 
In each of the coding microtasks, the possibility to insert new code is limited to a 

maximum of 10 code statements in addition to any pseudo-code or pseudo-calls. The 

limitation of the number of statements has been chosen over the limitation of the 

numbers of lines of code to prevent the worker from cheating (i.e. by inserting sev-

eral lines of code on a single unformatted line).  
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 An alternative workflow: behavior-driven development 

In the workflow presented at paragraph 2.3, the three main activities of software 

development - programming, testing and debugging - are split into different work-

flow sections: two branches for the coding and testing activities and a branch for 

testing and debugging. In this workflow, the main tasks have been divided in mi-

crotasks in a way which exploit as much as possible the parallelism, while keeping 

the tasks very small in terms of required effort. Parallelizing microtasks may shorten 

the completion time but aggregating the different parallel contributions is tricky and 

the methods for conforming the contributions have to be considered (reporting is-

sues, at paragraph 3.1.3). Spotting the problems later in time is way more expensive 

in terms of required effort and microtasks than doing so as soon as the problems 

occurs. 

Inspired by the behavior-driven development concept, we propose a more natural 

workflow for CrowdCode. Behavior driven development [24]  [25]  is a software de-

velopment process that combines the general techniques of the test-driven develop-

ment (TDD) with ideas from domain-driven design. While TDD requires the imple-

mentation of the unit tests for a function before the implementation of the function 

itself, the domain-driven design concentrates on building a simulation of the prob-

lem domain, attempting to minimize misunderstanding between users and develop-

ers of a software project. For each of the functions, the workflow we propose con-

sists in two phases: the description of the function behaviors and the implementa-

tion of the code for each of the described behaviors.  The workflow schema is illus-

trated in Figure 3-3. 

 

Figure 3-3. Behavior driven development workflow 

Starting from a described function, the system generates a describe behavior mi-

crotask, where the worker is asked to describe in natural language one or more of 

the behaviors that the function must follow to be fully implemented ÉȢÅȢ ȰÉÆ ÏÎÅ ÏÆ 

the input parameters is null, the function should return nullȱ Ȣ 4ÈÅ ×ÏÒËÅÒ ÄÅÓÃÒÉÂȤ

ing a behavior also has to implement a test to check that the function is behaving 

correctly. The creation of a new function behavior launches a test job aimed at veri-

fying that the function satisfies it . As long as the function is failing one or more of its 

behavioral tests, an implement behavior microtask is spawned. The implement be-
havior microtask lists the described behaviors for the function along with their test 
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implementation. The worker can choose a behavior to implement between the ones 

that are failing their tests. Using the provided tools ɀ the function editor, the behav-

ioral test runner and the code inspector  -  he has to implement or sketch the code 

required to satisfy the chosen behavior. The describe and implement behavior 

phases iterate until the list of the function behaviors is marked as complete and all 

of the described behaviors are passing their tests. Each of the describe behavior and 

implement behavior microtasks submissions is validated through a review mi-

crotask.  

function 
 description 

Move the character in the room.  
Possible directions are left, right, top and bottom. 
The character canôt go through the walls!!! 

function 
 signature 

Character doMove(Character c, Room r, String direction) 

behavior 
 description 

A movement in the left direction should move the characterôs position of one cell 

on the left. 

behavior 
test code 

var c = {  
          ñnameò: ñJohnò,  
          ñhealthò: 100, 
          ñpositionò: {ñxò: 5, ñyò: 2}  
        },  
    r = {ñwidthò: 10, ñheightò: 10}, 
    d = ñleftò, 
    newC = doMove(c, m, d)); 
 
assert.isEqual(newC.left, c.left-1); 

behavior 
 implemen-

tation  
code 

function doMove(c, r, d){ 
  //# check that the character is not on the walls 
    
  // check the movement direction 
  switch(d){ 
    // if the direction is ñleftò, move the  
    // character of one cell on its left 
    case ñleftò:  
      c.position.x = c.position.x ï 1; 
      break; 
    default: 
    //# manage the other movement directions 
  }  
 
  return c; 
}  

Table 3-5: example of  a behavior description, test and function implementation 

With this version of the workflow, in the single microtask, more context infor-
mation is given than before. For example, both in the describe behavior and imple-
ment behavior microtasks, the worker can see the description and the test the im-
plementation of all the behaviors. This way, more information about the related ar-
tifacts is given. In this new workflow, the process of adding calls to other functions 
while implementing some code for a particular function is shortened: the worker is 
provided with a project global view where he can search the functions he needs to 
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call from the already existing ones. If no function is found the worker can request a 
new one by fully describing its signature. 
These features were previously distributed across the reuse search, write descrip-
tion and add a call microtasks. Now they are condensed and available to the 
worker as function editor tools. 
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3.3 Coordination 

 Dealing with the cross-artifact dependencies 

Some of the changes that happen locally on an artifact also affect the related arti-

facts. In order to allow ÔÈÏÓÅ ÁÒÔÉÆÁÃÔÓ ÔÏ ÐÒÏÍÐÔÌÙ ÒÅÁÃÔ ÔÏ ÔÈÅÓÅ ÃÈÁÎÇÅÓȟ ÉÔȭÓ ÒÅȤ

quired for them to receive a notification of the changes. Carefully choosing which of 

the local changes have to be notified can save generating large amounts of useless 

microtasks, leaving the workers free to be assigned to meaningful microtasks. Like 

in this case,  

By looking at the outcome of preliminary user studies, we analyzed how the work-

flow reacted in generating microtasks while cross-cutting changes where happen-

ing. In doing so, we found some possible tweaks to the coordination between related 

artifacts that reduce the generation of useless microtasks: 

¶ restricting the propagation of changes in function descriptions. In the coding 

microtasks workers are allowed to change every part of the function ɀ its tex-

tual description, its interface (adding input arguments, changing the type of 

an argument, etc) and its code. In CrowdCode v1, every time the description 

or the interface of a function changed, the event descriptionHasChanged was 

propagated both to the tests of the function and to its caller functions. In the 

user studies we found that most of the times descriptionHasChanged events 

were fired due to changes to the textual description of the function. Most of 

the times, the submission of the microtasks generated due to this kind of 

change has been useless to the progress of the project, therefore a lot of over-

head time was generated. To overcome this problem, the propagation of the 

descriptionHasChanged  event has been restricted only to the changes that 

involved the function interface. 

¶ deactivating the microtasks generation for inactive functions. As the code 

evolves, new caller/callee relations can be created between two function ar-

tifacts, while previously existent relations can be deleted. At any point in 

time, it can happen that a function is not called anymore by any other func-

tion in the system. The implementation of such a function becomes useless 

to the project completion goal until it gets called again by some other func-

tion. To avoid workers to waste time by working on these microtasks, we 

have chosen to deactivate the microtask generation for these functions until 

at least another function in the system starts calling them again. 

¶ allowing the workers to delete a function. WÏÒËÅÒÓ ÃÁÎȭt see the functions in 

the system and sometimes it happened that functions with the same behavior 

were requested nearly at the same time from different workers. This led to 

the creation of two different functions supposed to do the same thing. Nearly 

half of the work needed to complete the two functions is clearly a waste. To 

avoid cases like this, we allowed the workers to mark as useless, with the 

exception of the client request function. Useless functions are deleted from 

the system.   
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 Scaffolding workeǊǎΩ ŘŜŎƛǎƛƻƴǎΥ ǘƘŜ Q&A 

Much work has examined the coordination and knowledge sharing practices chal-

lenges for in domains where the work is inherently interdependent such as pro-

gramming [26]  [27] . It's very important to provide some effective systems to coor-

dinate workers on decisions that cross-cut the project artifacts. Indeed, an inade-

quate communication and coordination between workers can lead to severe issues 

in terms of centralization of design decisions. In case of transient workers, tradi-

ÔÉÏÎÁÌ ÃÏÏÒÄÉÎÁÔÉÏÎ ÍÅÃÈÁÎÉÓÍÓ ÓÕÃÈ ÁÓ ÅÍÁÉÌ ÍÅÓÓÁÇÉÎÇ ÄÏÎȭÔ ÁÌÌÏ× ÔÈÅ ×ÏÒËÅÒ ÔÏ 

easily get up to speed on the relevant decisions made in the past. At the same time, 

transient workers cannot rely on past contributors to be available to discuss their 

ideas, as those workers might already have left. As worker perceives decisions as a 

network  [26] , some explicit organization and representation of such network have 

to be designed. Therefore, wide ranging communication systems where decisions 

are not explicitly recorded and organized - such as a global chat rooms - make it 

challenging to the worker to retrieve the information he needs to start working. 

Workers need to quickly obtain, if any, only the information most relevant to their 

current work.  

These considerations suggest the opportunity to scaffold coordination, in a form 

where knowledge is organized and indexed, decisions are explicitly recorded and 

there exists a tight integration  between decisions and artifacts which are related. To 

investigate the suitability of such a system for scaffolding coordination, we designed 

a Q&A system for microtask work. Inspired by the Stack Overflow model [27] , our 

Q&A organizes the discussions on three levels: questions, answers and comments. 

Workers can find answers to their need, give an answer to a question made by other 

workers, express a comment on previous answers, ask new questions and express 

their votes on the posted questions, answers and comments. 

Different models of integration for a Q&A are possible. One of them is to microtask 

the Q&A participation, as to create ad-hoc tasks that ask the workers to answer, 

comment or give their opinion on the opened discussiÏÎÓȢ "ÕÔ ×ÏÒËÅÒȭÓ ËÎÏ×ÌÅÄÇÅ 

and their ability to answer a question may significantly vary in time and there's a 

poor chance of assigning a Q&A task to the most expert worker on that question. At 

the same time, this model of Q&A can introduces important delays in the discussions 

advancement.  

We decided to adopt a model in which the participation to the Q&A is orthogonal to 

the microtasks, where the Q&A is embedded in a side panel of the client application 

and can be accessed every time a worker needs to. Q&A is presented as a list of dis-

cussions, where each question has a title, a description, one or more tags and a badge 

indicating whether the discussion is still open or not. Questions related to the cur-

rent artifact are pushed on top of the list and all the others on the bottom. Every time 

a worker starts working on a new microtask, the order of visualization of the discus-

sions is re-arranged. In order to allow workers to easily find answers, a full-text 

search bar is available on top of the questions list. Workers can browse the list by 
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inserting keywords and tags into the search bar. If a worker finds a discussion rele-

vant to the current artifact, he can mark the question as related. 

By clicking on a discussion in the list, the detail page is shown (Fig. 3-4). From the 

detail page a worker can contribute to the discussion by proposing answers, by com-

menting other answers and by expressing a vote on the answers and comments 

given by other workers. The solutions to the questions are chosen by a majority vote 

of the project participants. 

 

Figure 3-4: Questions and answers panel screenshots 

Discussions are always in sync between the different clients. Workers can so carry 

also real-time discussions on the Q&A.  Whenever a worker starts participating to a 

ÄÉÓÃÕÓÓÉÏÎ ÂÙ ÇÉÖÉÎÇ ÁÎ ÁÎÓ×ÅÒ ÏÒ ÃÏÍÍÅÎÔȟ ÉÔȭÓ ÁÕÔÏÍÁÔÉÃÁÌÌÙ ÁÄÄÅÄ ÔÏ ÔÈÅ ÄÉÓÃÕÓȤ

ÓÉÏÎȭÓ ÆÏÌÌÏ×ÅÒÓȢ %ÖÅÒÙ ÎÅ× ÃÏÎÔÒÉÂÕÔÉÏÎ ÅØÃÅÐÔ ÔÈÅ ÔÈÕÍÂÓ ÕÐ  ÍÁÄÅ ÏÎ ÔÈÅ ÄÉÓȤ

cussion, generates a notification message that gets sent to each of the followers.  

Participation to the Q&A is incentivized by gamifying the interactions. When a ques-

tion is up-voted, 3 points get awarded to the worker that asked it. Same thing for the 

answers (2 points) and the comments (1 point). 

Since workers in the system keep coming and going, no administration roles are de-

fined. Moreover, decisions made in precise moment in time can change during the 

project lifespan: the Q&A has to be flexible enough to easily adapt to these changes. 

For these reasons, while the ownership of answers and comments is given to their 

authors, the questions ownership is collective. At any moment in time, every worker 
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can edit the text and the tags of a question, link or unlink questions to the artifacts, 

close an open discussion if a decision has been reached and re-open a discussion if 

the selected solution is not valid anymore.  

 Exploiting the worker expertise 

In CrowdCode v1, the microtask assignment was totally automated and the worker 

was provided only with the possibility to skip an assigned microtask. Every time a 

microtask was skipped, the amount of awarded points for its completion was in-

creased. In our studies, while sometimes the workers skipped microtasks because 

of their difficulty level, some others did it becauÓÅ ÔÈÅÙ ÄÉÄÎȭÔ ×ÁÎÔ ÔÏ ×ÏÒË ÏÎ ÔÈÁÔ 

kind of microtask. The increased number of points assigned to the frequently 

skipped microtasks also attracted non-skilled people to attempt their completion. 

This behavior can cause an efficiency issue: more work is required to fix the conse-

quences of a poor submission. 

Furthermore, effectively coordinating the microtask assignment to match the right 

worker with the right microtask may potentially have important positive effects on 

different aspects. If specialized workers are assigned to microtasks coherent with 

their specialization, the quality of the work gets increased. For example, a worker 

specialized in writing tests implementations will perform better than others while 

working on write test  microtasks. Moreover, the project completion time can be re-

duced by assigning to the worker microtasks relative to functions which he has al-

ready contributed to. For example, we found that workers are faster at implement-

ing five tests for the same function than five tests for five different functions. 

This led us to introduce an alternative way to assign microtasks. From the dash-

board panel (fig.3-5), workers can see all the available microtasks along with the 

ones that have already been assigned, the ones waiting for a review and the com-

pleted ones. Workers can open a detail view for each of the available microtasks. 

From the detail view they can decide to work on the microtask or not. The mi-

crotasks shown can be filtered by their type or by the function they are related to.  
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Figure 3-5: dashboard view  
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LƳǇƭŜƳŜƴǘŀǘƛƻƴ 

 

In this chapter we explain the way we re-designed and re-factored CrowdCode. The 

CrowdCode platform is composed by a server and a client application. The main 

server architecture was kept as the one before and few improvements were made 

to allow a better scalability and to support the new functionalities. The was client 

instead re-ÂÕÉÌÔ ÆÒÏÍ ÓÃÒÁÔÃÈ ÁÎÄ ÉÔȭÓ ÌÁÒÇÅÌÙ ÄÅÓÃÒÉÂÅÄ ÉÎ ÁÌÌ ÏÆ ÉÔÓ ÍÏÄÕÌÅÓȢ 

All the components of the system were designed to be modular. The platform can 

adapt to the needs of the different user studies.  

Chapter Organization: the remainder of the chapter is organized in the following 

fashion: 

¶ In Section 4.1 we describe the general infrastructure of the system 

¶ In Section 4.2 we describe the implementation of the client application and 

its components 

¶ In Section 4.3 we describe the main server architecture, the improvements 

at the scalability and the implementation of the new features 

  



47 
 

4.1 Infrastructure 

 

Figure 4-1: CrowdCode infrastructure 

#ÒÏ×Ä#ÏÄÅ ÉÓ Á ×ÅÂ ÁÐÐ ÔÈÁÔ ÒÕÎÓ ÉÎ ÔÈÅ ×ÏÒËÅÒȭÓ ÂÒÏ×ÓÅÒ ÆÉÇȢτ-ρ Ȣ )ÔȭÓ ÃÏÍÐÏÓÅÄ 

by a backend server, a real time Json storage and a client web app. The CrowdCode 

server is a Java web application that runs on Google App Engine (GAE). It abstracts 

the artifacts graph and encapsulates the logic behind the workflow manager. It gen-

erates microtasks, assigns them to the workers and elaborate the microtask submis-

sions. The server also manages the gamification and communication mechanisms. 

Finally, it provides a rudimental artifact versioning mechanism, that for every up-

date to the artifacts stores the current version and creates a new one. The web client 

is built on top of the JavaScript framework AngularJs. The client provides the worker 

with ad-hoc tools for working on the microtasks. It fetches and post microtasks to 

the Servlet with ajax/http communication. Except for data of the assigned mi-

crotasks identifier, the client uses only the data stored on the real-time Json docu-

ment. 

The data storage is split between the key-value cloud storage provided by AppEn-

gine and the real-time Json document on Firebase. Being fast and highly reliable, the 

cloud storage is used to hold all the meta-data needed to manage the projects, the 

artifacts, the artifacts state machines, the microtasks, the question and answers and 

the workers. Firebase is instead used to store all the data required by the client app 

as the microtasks data, the functions and tests code, the workers newsfeed, the lead-

erboard, the chat messages, etc. The cloud storage is only accessible by the server 

and Firebase is written by the server and used by the client. This division was made 

to keep the crucial data away from the malicious users, unload the server from send-

ing massive data sets to the clients (e.g. the functions and tests code for a big API 

project) and to facilitate the real-time iterations on the client side. Firebase libraries 
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indeed, manage automatically the propagation of the data updates and keeps all the 

copies synchronized. 
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4.2 Client application 

AngularJs provides four different types of modules: Services, Controllers, Directives 

and Views. Services are singleton classes in charge of handling the data, Views are 

html templates composing the UI and Controllers are functions that handle both the 

business and presentation logic of an AngularJs app. Directives are packaged UI-

components composed by a controller and a view. Directives can be embedded as 

HTML components inside other views. 

 
Figure 4-2: client architecture diagram 
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Figure 4-2 shows the client architecture. Services (the blue boxed modules) provide 

an interface to the Firebase data storage and to the server API endpoints. The ser-

vices layer also comprehends parts of the business logic as the Test Runner and the 

Tutorial Manager. The UI components (light green boxed modules) such as the mi-

crotask tools and the widgets are built as AngularJs directives.  

The central area of the main view (fig.4-3) shows the assigned microtask form or 

the microtask selection dashboard. The microtasks are automatically fetched at the 

×ÏÒËÅÒȭÓ ÌÏÇÉÎ ÁÎÄ ÁÆÔÅÒ ÔÈÅ ÓÕÂÍÉÓÓÉÏÎ ÏÒ ÓËÉÐ ÏÆ ÔÈÅ ÐÒÅÖÉÏÕÓÌÙ ÁÓÓÉÇÎÅÄ ÍÉȤ

crotask. Microtasks fetching and submission is done through the MicrotaskService 

by sending requests to the server API endpoints. When there available microtasks 

queue is empty or when the worker chooses to take a break, the automatic microtask 

assignment is suspended and the microtask selection dashboard is prompted.  

 

Figure 4-3: screenshot of the main view 

The collaboration, feedback and gamification panels (widgets) are built as pluggable 

UI-components that can be enabled/disabled as the project needs change. These 

panels are shown on the left and right sidebars of the main view. Every microtask 

form prompts the instructions and the context information required to complete the 

microtask and a set of tools specifically designed for CrowdCode. These tools are for 

example the function and test code editor and the related validators. The microtask 

forms, the dashboard view, the widgets and the tools make use of the data retrieved 

by services as the MicrotasksService, FunctionService and Q&AService. Using a sec-

ondary thread than the one of the UI, the client fetches and runs the test jobs that 

the server posted on the distributed job queue. the server. The TestRunner module 

is used both to execute the test run requests fetched from the distributed job queue 

and to run requests asked by the worker doing a debug test failure microtasks. 



51 
 

 Distributed unit test running 

In the previous CrowdCode version when a test needed to be run, the system 

ÓÐÁ×ÎÅÄ Á ÍÉÃÒÏÔÁÓË ÏÆ ÔÙÐÅ Ȱ-ÁÃÈÉÎÅ 5ÎÉÔ 4ÅÓÔȱȢ )Î ÔÈÅ ÎÅ× #ÒÏ×Ä#ÏÄÅ ÖÅÒÓÉÏÎȟ 

this microtask has been replaced by the insertion of a job queue to which the server 

can posts test jobs and the clients fetch and execute the jobs on the background 

(fig.4-4), without the need of a dedicate microtask. 

 
Figure 4-4: distributed test running example 

When the code of a function is marked as complete, for each of the function written 

tests a test job is pushed to the queue. Each test job includes information about the 

function and the test that has to be run, their versions at the moment of the test run 

request and a bounces counter. Since the propagation of the data across all the cli-

ents can happen in different times, a current versions of the artifacts can change 

between client and server or between the clients. Therefore, the test job request is 

decorated with the number of version of both test and function at the moment of the 

test job creation. In this way, the client running a test job will fetch the right artifacts 

versions, if any error occurs while the client is executing a test, for example if work-

ers logs out while a test is running, the test job is re-queued after incrementing its 

bounce counter. A test job is thrown away when it bounced more than 25 times be-

tween the clients. A failure in a test run, spawns a debug test failure microtask. 

  



52 
 

Test runner  
Test runner service is requested when test job is fetched or when the worker asks a 

test run while working on a debug test failure or an implement behavior microtasks. 

In order to allow multiple  concurrent test run requests, this module adopts a factory 

pattern: every test run request spawns a different instance of the test runner. In-

stances can run in parallel and grant isolation of the test environments. 

 

Figure 4-5: use of the test runner module 

A test suite run may require several seconds to finish.  With the intention of avoiding 

locks in the UI during a test run, the heavy parts of the process are executed on a 

web worker, that runs on a different thread than the one of the UI. 

 
Figure 4-6: distributed test run activity diagram 
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The id of the function to test is specified in the test run. When the test runner in-

stance receives a test run request, all the functions code is retrieved from the Fire-

base and sent to the web worker with an initialization request. After setting up the 

test environment and instrumenting the received functions code, the web worker 

ÁÎÓ×ÅÒÓ ×ÉÔÈ ÁÎ ȬÉÎÉÔÉÁÌÉÚÅ /+ȭ ÍÅÓÓÁÇÅȢ /Îce the test environment is ready, the test 

runner asks the worker to run one test per time, and after all test results are ready, 

sends them to the test run requestor (fig. 4-6).  

Before a test run, the 

code of the functions 

gets instrumented. 

The first instrumenta-

tion level is done on 

all the functions in the 

API except for the 

tested one. Every time 

the function under 

test makes a call to an-

other function of the 

API, a mocked version 

is run instead of the 

real function. A call 

with a new set of ar-

guments, executes the 

original function and 

logs the result. Instead, when a call is executed with a previously used set of argu-

ments, the logged value will be returned. The list of logged values is a stub for the 

called function. Stubs are used in the debug test failure and implement behavior mi-

crotasks for debugging purposes. Figure 4-7 shows the code of a mocked function. 

In order to consider occurred exceptions as failed test, the call to the original func-

tion is wrapped in a try/catch block. JavaScript arguments are passed as reference 

instead than as value. Therefore, in order to eliminate side effects on the passed in-

puts, the original function is called with a copy of the arguments. 

A second instrumentation level is done on the tested function. Every expression in 

its code gets wrapped by a call to the logExpression function. This second layer of 

instrumentation is done only when the test run requestor is a debug test failure mi-

crotask or implement behavior microtask. The expressions logs are used for the in-

spector feature of the function editor. 

  

functionName(arguments) { 
   var output; 
   var stub = getStub(functionName, arguments); 

 
   if( stub is defined ) { 
    output = stub.output 
   }  
   else { 
     try {  
       var argumentsCopy = array.splice(arguments); 
       output = functionName_original(argumentsCopy); 
     }  
     catch(e) { 
       logException(e); 
    }  
   }  
   
  logCall(functionName, arguments, output);  
   return output; 
}  

Figure 4-7: first level of instrumentation 
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 Microtask Tools  

The microtask form views are a composition of the CrowdCode IDE tools: the func-

tion editor, the test editor, the function and test reader and the data type explorer. 

Excluding the data type explorer, all the tools are implemented as extensions of the 

open source code editor Ace8. 

  

                                                        

 

8 https://ace.c9.io/  
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Function Editor 
For the coding microtasks, workers use an ad-hoc function code editor. Different 

features of the function editor are used in different microtasks and versions of the 

platform. The editor used for the traditional CrowdCode edit function microtask, 

embeds the pseudo-code highlighting and the code validation. The pseudo-call syn-

tax was changed and instead of writing a textual description of the function to be 

called, the worker has to append its declaration at the end and use a normal call. 

This mechanism is what we call function stub.  The validation of the local function 

ÃÏÄÅ ÍÉÓÓÉÎÇ ÓÅÍÉÃÏÌÏÎȟ ÕÎÃÌÏÓÅÄ ÐÁÒÅÎÔÈÅÓÉÓȟ ȣ  ÉÓ ÄÏÎÅ ÂÙ ÒÕÎÎÉÎÇ *3ÈÉÎÔ9, a pop-

ular JavaScript code linter. An additional custom validation is done for checking the 

dependency issues with the other functions in the API. For example, when the 

worker changes the function name with the name of a function already in the API, 

or there is a call to an inexistent function.  

 

Figure 4-8: pseudo-code highlight, pseudo-function and validator 

                                                        

 

9 http://jshint.com/  
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The code editor used for the debug test failure microtask (Fig.4-8), also integrates 

the test runner and allows the worker to use the console print functions (Fig.4-9).  

 

From the introduction of the behavior 
driven development workflow, the 

function editor was furtherly extended 

to allow the code inspection. The data 

gathered from the functions instrumen-

tation, after a test run, is used to provide 

the worker with the possibility to inspect every expression of the function code 

(Fig.4-10). Inside loops, inspecting an expression opens a popup that shows the ex-

ÐÒÅÓÓÉÏÎȭÓ ÖÁÌÕÅ ÆÏÒ ÅÁÃÈ ÏÆ ÔÈÅ ÌÏÏÐ ÉÔÅÒÁÔÉÏÎÓȢ 

 

Figure 4-10: code inspector detail 

The behavior driven development workflow also dropped some of the code editing 

microtasks by integrating more functionalities in the implement behavior mi-

crotask. The pseudo-call mechanism for example, was dropped in favor of the intro-

duction of more features in the code editor. The worker can call the other functions 

in the API by searching through the functions autocomplete-box that prompts the 

list of the API functions (Fig. 4-11). If the desired function is not yet in the system, 

the worker can write the description and signature blocks of the function to be called 

(using the JSDoc10 syntax instead of the function stub). 

                                                        

 

10 http://usejsdoc.org/  

Figure 4-9: function editor with console functions 
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Figure 4-11: autocomplete detail 

 

Figure 4-12: insertion of new function call  

The autocomplete box shows the list of the API functions along with their descrip-

tions. The worker can so search if a function that he needs is already part of the 

ÐÒÏÊÅÃÔȢ /ÎÃÅ ÔÈÅ ÎÅ× ÆÕÎÃÔÉÏÎȭÓ ÓÉÇÎÁÔÕÒÅ ÉÓ ÄÅÓÃÒÉÂÅÄȟ ÉÔÓ ÎÁÍÅ ÁÎÄ ÄÅÓÃÒÉÐÔÉÏÎ ÂÅȤ

come available in the autocomplete-box (fig. 4-12). 

Test Editor 
For each of the two different kind of tests that CrowdCode allows ɀ the inputs/out-

put test and the assertion test ɀ a different test editor was implemented. 

The inputs/output test editor (Fig.4-13) is composed by as many Json editors as the 

number of arguments of the function plus one. Each of the Json editors validates the 

input data against the associated data type structure. To make the insertion of data 

easier and faster has been added the possibility through the Paste Example button 

to past a set a default value inside the text editor. In this way the user can edit only 

the necessary part of the Json without rewriting it every time.   
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Figure 4-13: inputs/output test editor  

The advanced test editor is composed by a single JavaScript editor. The possible syn-

tax variations to be used in writing assertions are the assert, expect and should. The 

one provided with the assertion library used in the test runner, ChaiJs11 (Fig.4-14). 

 

Figure 4-14: assertion test editor 

  

                                                        

 

11 http://chaijs.com/  
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Test and function reader 
 

Where the context information of a microtask con-

tains a function description, a function implemen-

tation or a test implementation, the test and func-

tion reader tools are used. These tools provide dif-

ferent code formatting and highlighting features 

based on the shown data. The function and the as-

sertion test readers use the JavaScript code high-

light (Fig.4-15) and the inputs/output test reader 

the Json one (Fig.4-16). 

 

 

 
Data type explorer 
 

The data type explorer provides the worker with 

the possibility to see the details of the project data 

types (Fig.4-17). By clicking on a data type name, 

the user can see a textual description and some 

example implementations for the data type.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-16: inputs/output test reader 

Figure 4-15: function reader 

Figure 4-17: data type explorer 
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 Microtasks 

In the next paragraphs we present the different microtask types for the re-imple-

mented version of CrowdCode. The first 8 types (edit function, review, write test 
cases, write test, write function description, reuse search, write call, debug test fail-
ure) are the ones used in the workflow described in chapter 2. The machine unit test 
microtask has been dropped in favor of the introduction of the distributed test run-

ning feature. All of these microtasks have been expanded with the possibility to re-

port issues as described in paragraph 3.1.3. To the original workflow, the review 

microtask has been added. The last two presented microtasks ɀ describe behavior 
and implement behavior ɀ together with the review microtask are used for the be-
havior driven development workflow described in chapter 3.2.2. 

 

Figure 4-18: microtask form view description 

The microtask form views have been designed by keeping simplicity in mind. As 

mentioned in the previous paragraph, the microtask form views are composed of 

the different microtask tools. A common visualization has been adopted for the mi-

crotask forms: the top part contains the microtask description and the contextual 

information such as the description of a function in a write test microtask), the bot-

tom part contains the data types explorer and the work area on the right (Fig. 4-18). 

Across the client app views, different microtask types are identified by different col-

ors. 
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Figure 4-19: tutorial screenshot 

When a microtask is presented for the first time to a worker, an introduction tutorial 

starts (Fig. 4-19). The tutorial illustrates the purposes of the microtask and some 

example on how to complete it. 

In the rest of the paragraph, we list and describe the microtask types used in the re-

implemented CrowdCode platform. The provided examples are related to the 

doSpreadsheetCommand function, part of the functions API to implement a collab-

orative spreadsheet application. The same API was used for the experiment on the 

Q&A (paragraph 5.1). The doSpreadsheetCommand arguments are a spreadsheet 
object, a view object and a command string. The spreadsheet object contains info on 

the global version of the spreadsheet, the view object contains info on the local ver-

sion of the spreadsheet. The command string is to specify the command to execute 

ÉȢÅȢ ÃÏÐÙ ÃÅÌÌȟ ÐÁÓÔÅ ÃÅÌÌȟ ÁÄÄ ÒÏ× ÂÅÆÏÒÅȟ ȣ Ȣ 4ÈÅ ÆÕÎÃÔÉÏÎ ÓÈÏÕÌÄ ÍÁÎÉÐÕÌÁÔÅ ÔÈÅ 

spreadsheet object according to the command and return the updated version.  
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Edit a Function  
The edit function microtask is similar to the one described in chapter 2.2.2. The main 

difference is in the code editor. To execute function calls, instead of using the 

pseudo-call mechanisms, the worker has to use declare the function to be called with 

an empty body (function stubs, as described in the function editor paragraph).  

 

Figure 4-20: edit a function microtask 

In the example of figure 4-20 the worker has to sketch some code for the doSpread-
SheetCommand function. Both pseudo-code and function stubs are used in the solu-

tion of the example. The stubbed function call, is aimed to manage the case of the 

Ȭ)ÎÓÅÒÔ#ÏÌÕÍÎ"ÅÆÏÒÅȭ ÃÏÍÍÁÎÄȢ 4ÈÅ ÐÓÅÕÄÏ-code blocks instead delegate the im-

plementation of the code for the validation of the parameters and for the manage-

ment of the other commands.   
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Review microtask 
The review microtask for each of the submitted microtasks (except for the review, 

reuse search and debug test failure microtasks) generated for every submitted mi-

crotask. The worker prompted with the summary of a microtask submission in need 

of review and has to express a quality rating (from 1 to 5 stars) prompted microtask 

submission. Additionally, he has to justify the given rating with a brief text. Depend-

ing on the type of microtask being reviewed, different context information and lay-

out are displayed to the worker. 

 

Figure 4-21: review microtask 

In the example of figure 4-21 the worker has to review a previous edit function mi-

crotask submission. The submission data is displayed inside the red box in the mid-

dle. The worker chooses to accept the work with 4 stars on 5. 
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Write test cases 
The worker has to specify all the possible cases in which a function has to be tested. 

From the analogue microtask described in section 2.2.2, has been added the possi-

ÂÉÌÉÔÙ ÔÏ ȰÒÅÐÏÒÔ ÁÎ ÉÓÓÕÅ ×ÉÔÈ ÔÈÅ ÆÕÎÃÔÉÏÎȱ ÉÆ ÔÈÅ ÆÕÎÃÔÉÏÎ ÉÓ ÎÏÔ Á ÃÌÉÅÎÔ ÒÅÑÕÅÓÔ 

one). 

 

Figure 4-22: write test cases microtask 

In the example of figure 4-22, the worker has to describe all the possible test cases 

for the function doSpreadsheetCommand.  
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Write test 
In the write test microtask, from the description of a test case and the description of 

its related function, the worker has to write an implementation for the test. The 

worker is provided with a test editor tool (input/output tests only). Other than the 

*ÓÏÎ ÈÉÇÈÌÉÇÈÔÉÎÇȟ ÔÈÅ ÔÅÓÔ ÅÄÉÔÏÒ ÐÒÏÖÉÄÅÓ Á ȬÐÁÓÔÅ ÅØÁÍÐÌÅȭ ÂÕÔÔÏÎȢ 4ÈÅ ×ÏÒËÅÒ ÃÁÎ 

select between some of the example for the related data type. Both the description 

of the function and the description of the test case can be reported as problematic.  

 

Figure 4-23: write test microtask 

The example of figure 4-23 shows a worker implementing a test for the function 

doSpreadsheetCommand ÕÎÄÅÒ ÔÈÅ ÔÅÓÔ ÃÏÎÄÉÔÉÏÎ ȰÐÁÓÓ ÁÎ ÉÎÖÁÌÉÄ ÃÏÍÍÁÎÄȱȢ    
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Reuse search 
Each of the function stubs inserted in the edit function microtask, spawns a reuse 
search microtask. The worker is provided with the list of functions in the API with 

their description. The list can be filtered by inserting keyword in the input box of 

the form. If no function between the already existent ones. As before, if any of the 

prompted functions matches the function stÕÂ ÓÉÇÎÁÔÕÒÅȟ ÔÈÅ ×ÏÒËÅÒ ÃÁÎ ÓÅÌÅÃÔ ȰÎÏ 

ÆÕÎÃÔÉÏÎ ÄÏÅÓ ÔÈÉÓȱȟ ÁÓËÉÎÇ ÔÈÅ ÃÒÏ×Ä ÔÏ ÉÍÐÌÅÍÅÎÔ Á ÎÅ× ÏÎÅȢ  

 

Figure 4-24: reuse search microtask 

In the screenshot of figure 4-24, the worker is asked to search a valid implementa-

tion of the doInsertColumnBefore function stub. As no similar function has already 

ÂÅÅÎ ÉÍÐÌÅÍÅÎÔÅÄȟ ÔÈÅ ×ÏÒËÅÒ ÈÁÓ ÔÏ ÃÈÏÏÓÅ ÔÈÅ ȰÎÏ ÆÕÎÃÔÉÏÎ ÄÏÅÓ ÔÈÉÓȱ ÏÐÔÉÏÎȢ  
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Write function description 
The new write function description  microtask implements the same exact function-

alities of the one described in chapter 2. Additionally, has been introduced the pos-

sibility to report the requested function as impossible to implement. 

 

Figure 4-25: write function description microtask 

In the example of figure 4-25 the worker is asked to write a description for the 

function doInsertColumnBefore.  
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Add a call 
In the add call microtask, the worker is prompted with the description of the func-

tion that has been found to replace the call to the function stub. He has to replace 

the highlighted function call with a call to the found replacement function, writing 

additional adaptation code if required.  

 

Figure 4-26: add a call microtask 

In the example of figure 4-26, the replacement function found by the crowd has the 

same signature of the initial function stub. Therefore, no replacements have to be 

done and no further adaptations are required. 

  



69 
 

Debug test failure 
The debug test failure microtask has been completely re-designed. In the previous 

version, the worker had to debug all the failing tests in order to submit the mi-

crotask. To uniform the complexity of the debug with the one of the other mi-

crotasks, we decided to provide the worker with only one failing test per time. All 

the other failing tests will be debugged in further debug test failure iterations. 

 

Figure 4-27: debug test failure microtask 

Figure 4-27 shows the whole view of the debug microtask. The failing test is dis-

played with a red background and the passing ones with a green background. The 

user can run the tests at any moment in time. The function editor provides features 

like the use of console print functions to easily debug the function code.  



70 
 

By expanding the test de-

tail view (fig. 4-28) the 

worker is prompted with 

additional information on 

the test details and the 

test run results. If the test 

is failing, the output is 

presented as code diff be-

tween the expected and 

the actual values. If the 

test case implementation 

is incorrect, the worker 

can repot an issue.  

Calls to other functions of 

the API may return wrong 

values if the function has 

not yet been imple-

mented. Calls return val-

ues can be edited if wrong 

(function call stubs).  

Figure 4-28: detail of a failing test 
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Describe behavior 
The describe behavior microtask is the first of the behavior driven development 

workflow introduced in paragraph 3.22. Given the description of a function, the 

worker is asked to describe and implement a behavioral test for one or more of the 

behaviors that the function should follow to be considered fully implemented. As 

this microtask is part of an iterative workflow, incremental contributions are ex-

pected. The worker can edit the behavior described in the previous iterations, if any.  

 

Figure 4-29: describe behavior microtask 

By clicking on the description of a behavior or by creating a new one, a detailed view 

of the behavior is displayed (fig. 4-30). The detailed view allows to edit the descrip-

tion of the behavior and provides the test editor tools. Both inputs/output and as-

sertion test implementations are allowed.  
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Figure 4-30: detail of assertion test 
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Implement behavior 
The behavioral test described and implemented in the describe behavior mi-

crotasks, are run against the function code. As one of the test fails, a new implement 

behavior microtask is spawned. All the passing tests and only one of the failing ones 

are shown. The worker is asked to implement the necessary function code required 

for the failing test pass. The detailed view of the tests run results are provided along 

with the function editor. The worker can run the tests, inspect the code to spot the 

bugs and report an issue with the test implementation, if incorrect. 

 Figure 4-σρ ÄÉÓÐÌÁÙÓ ÔÈÅ ÆÁÉÌÉÎÇ ÂÅÈÁÖÉÏÒ Ȱ-ÏÖÅ ÔÈÅ ÐÌÁÙÅÒ ÔÏ Ȭ./24(ȭȱȢ 4ÈÅ ×ÏÒËÅÒ 

to complete the microtask can, report an issue with the behavior or implement and 

debug the necessary part in the function doMove. To help the user in the debugging 

process, he can run the code and use the code inspector to hover on the variables 

and displaying their values.  

 

Figure 4-31: implement behavior microtask 
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 Admin Panel 

The admin panel is used to manage the project and have real-time updates of the 

×ÏÒË ÅÖÏÌÕÔÉÏÎȢ )ÔȭÓ Á ÓÅÐÁÒÁÔÅ !ÎÇÕÌÁÒ*Ó ÁÐÐ ÔÈÁÔ ÏÎÌÙ ÃÏÍÍÕÎÉÃÁÔÅÓ ×ÉÔÈ ÔÈÅ &ÉÒÅȤ

base data store.  

 

Figure 4-32: dashboard section 

The dashboard contains the commands to start the project and setting the project 

options, i.e. the reviews and the tutorial s. 

 

 

Figure 4-33: microtask section 

The microtasks tab, lists all the generated microtasks. The detailed view of each mi-

crotask is available by clicking on the microtask row. Detail view show all the mi-

crotask events and the submission data details. 
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Figure 4-34 : diff of the function edits 

Functions, tests and code tabs are used to show the status of the work. The evolution 

of the single artifact can be inspected trough integrated code diff tools  

 

Figure 4-35: list of question and user logged  

Depending from the enabled coordination tool on the project, one between the chat 

ÈÉÓÔÏÒÙ ÁÎÄ ÔÈÅ 1Ǫ! ÅØÐÌÏÒÅÒ ÉÓ ÁÖÁÉÌÁÂÌÅȢ 7ÏÒËÅÒÓȭ ÐÁÇÅ ÓÈÏ× the logged workers, 

with their profile.   
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4.3 Server application 

 Architecture 

 
Figure 4-36: server architecture 

 














































