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ABSTRACT 

Crowdsourcing and Human-Computation are paradigms that are enabling new forms of collaboration between 
humans and computers. However when developing such a system there aren’t many guidelines and it’s known if 
there are benefits of applying both paradigms to the same problem. In this paper we explore what considerations 
need to be taken into account when developing a Crowdsourcing and a Human-Computation system. Then 
those considerations are used to analysis a new system proposal (Capturista Sobre Ruedas). And by using this 
technique the team was capable of doubling their knowledge about the system saving time, Money and 
frustration. 
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1. INTRODUCTION

Crowdsourcing and the related concept human-
computation are enabling new forms of collaboration be-
tween humans and computers. Normally a human would 
use the computer to answer a problem however with Hu-
man-Computation a computer would use the help of a hu-
man to solve the problem and with Crowdsourcing a hu-
man will ask a set of humans (the crowd) the solution to a 
problem. However these paradigms are still evolving and 
there are unanswered questions about them: 

1. For starters it seems there isn‖t a clear distinction 
between both paradigms. Are they really different? 
[1] 

2. What considerations, must be taken into account 
when developing a Crowdsourcing system? [2] 

The authors are working on Crowdsourcing system called: 
Capturista Sobre Ruedas (CSR) which will allow people 
with disabilities to digitize big government archives from 
their homes. Since this system has element of Crowdsourc-
ing and Human-Computation, is worth pondering: 

3. Can both paradigms be applied to the same prob-
lem?  

4. And does applying both paradigms to the same 
problem actually provide any benefits? 
 

 
The answer to the proposed questions would help in: 
Clarifying the distinction between Crowdsourcing and 
Human-Computation 
Reduce risk in building a Crowdsourcing system by identi-
fying risk factors early in the process. 
Identify if there is value in applying both paradigms to the 
same problem. 
 
In the following sections is exposed: 2. what is Crowdsourc-
ing, considerations and criticisms. 3 what is Human-
Computation, categories, considerations, criticisms and 
examples. 4. Comparison between the two: similarities and 
differences. 5 CSR example: context, model of risk, how 
challenges and criticisms of the different models apply to it.  

2. BACKGROUND IN CROWDSOURCING 

2.1 Definition 

Crowdsourcing is a contraction of the words: Crowd and 
Outsourcing. The term itself was coined by Jeff Howe in  
"The Rise of Crowdsourcing"[3] Howe defined Crowdsourc-
ing as: “...the act of taking a job traditionally performed by a 
designated agent (usually an employee) and outsourcing it to an 
undefined, generally large group of people in the form of an open 
call.”  
 
However Crowdsourcing is becoming an umbrella term for 
different forms of collaboration online and as such, it is 
difficult to define and is in risk of becoming meaningless as 
noted in:  “―Crowdsourcing‖ is a relatively recent concept 
that encompasses many practices. This diversity leads to the 
blurring of the limits of Crowdsourcing that may be identi-

fied virtually with any type of Internet-based collaborative 
activity”[1]. 
 
For that reason, Estellés González went ahead and analyzed 
over 40 different definitions of Crowdsourcing in the litera-
ture and created an integral definition: 
 
"Crowdsourcing is a type of participative online activity in which 
an individual, an institution, a non-profit organization, or com-
pany proposes to a group of individuals of varying knowledge, 
heterogeneity, and number, via a flexible open call, the voluntary 
undertaking of a task. The undertaking of the task, of variable 
complexity and modularity, and in which the crowd should partic-
ipate bringing their work, money, knowledge and/or experience, 
always entails mutual benefit. The user will receive the satisfac-
tion of a given type of need, be it economic, social recognition, self-
esteem, or the development of individual skills, while the 
crowdsourcer will obtain and utilize to their advantage that what 
the user has brought to the venture, whose form will depend on 
the type of activity undertaken" [1] 
 
The second definition although thorough is too wordy to 
develop an intuitive understanding of Crowdsourcing 
that‖s why in the following section several examples are 
presented. 
 

2.2 Examples 

The following table presents the Crowdsourcing taxonomy 
as was defined by the http://crowdsource.org industry 
council[4].  
 

Category Definition Example Details 

OPEN 

INNO-

VATION 

Use of sources 

outside of the 

entity or group 

to generate, 

develop and 

implement 

ideas. 

http://innocentive.c

om 

 

Site where com-

panies post 

problems for 

rewards and 

scientist from all 

over the world 

try to solve it. 

COM-

MUNI-

TY 

BUILD-

ING 

Development of 

communities 

through active 

engagement of 

individuals who 

share common 

passions, beliefs 

or interests. 

http://Ushahidi.org 

 

A map generator 

for support 

effort in Haiti or 

other disaster 

zones. 

COLLEC

LEC-

TIVE 

CREA-

TIVITY  

 Tapping of 

creative talent 

pools to design 

and develop 

original art, 

media or con-

http://threadless.co

m 

http://istockphoto.c

om 

 

Design of T-

shirts and the 

crowd votes on 

the best ones. 

Sale of stock 

photos 

http://innocentive.com/
http://innocentive.com/
http://innocentive.com/
http://innocentive.com/
http://innocentive.com/
http://innocentive.com/
http://ushahidi.org/
http://ushahidi.org/
http://ushahidi.org/
http://ushahidi.org/
http://ushahidi.org/
http://threadless.com/
http://threadless.com/
http://threadless.com/
http://threadless.com/
http://threadless.com/
http://threadless.com/
http://istockphoto.com/
http://istockphoto.com/
http://istockphoto.com/
http://istockphoto.com/
http://istockphoto.com/
http://istockphoto.com/
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tent. 

CIVIC 

EN-

GAGE-

MENT 

Collective ac-

tions that ad-

dress issues of 

public concern. 

http://citizentube.c

om 

 

After of state of 

the nation presi-

dent Obama 

answered ques-

tions from 

YouTube citi-

zens. 

COLLEC

LEC-

TIVE 

KNOWL

EDGE 

Development of 

knowledge 

assets or infor-

mation re-

sources from a 

distributed pool 

of contributors. 

http://wikipedia.or

g 

 

The open ency-

clopedia. 

CROWD 

FUND-

ING 

Financial con-

tributions from 

online investors, 

sponsors or 

donors to fund 

for-profit or 

non-profit 

initiatives or 

enterprises.  

http://kiva.org 

http://kickstarter.or

g 

 

Loans for the 

poor financed by 

the crowd. 

Financing of tech 

prototypes 

CLOUD 

LABOR 

 Leveraging of a 

distributed 

virtual labor 

pool, available 

on-demand, to 

fulfill a range of 

tasks from 

simple to com-

plex. 

http://mturk.com 

 

 

Microtasks 

divided among 

humans for a fee. 

Table 1 Crowdsourcing taxonomy plus examples. 

 

2.3 Considerations when developing 

What are the factors one should consider when developing 
a Crowdsourcing platform? Doan et al. [5] propose to con-
sider the following dimensions: 
 

1. Nature of collaboration 
Refers to the kind of collaboration the users are performing. 
It can be explicit: the user knows she is part of the crowd 
(i.e. Amazon Mechanical Turk) or Implicit the user doesn‖t 
know he is in fact collaborating with Crowdsourcing effort 
(i.e. ESP Game). 
In Explicit systems the users can: users can evaluate, share, 
network, build artifacts, and execute tasks.  
 

2. Type of Target Problem 
Goal of the system as defined by its creators. 
 

3. How to recruit and retain users 
Recruiting users for the crowd is one of the most important 
tasks in Crowdsoucing the major solutions to this problem 

are: 
 Require users to do it.  

If they are employees you can order them to partic-
ipate in the crowd. 

 Pay users.  
What Amazon Mechanical Turk does. 

 Volunteers.  
For example all the contributors to Wikipedia. 

 Make the users work for a service.  
For example to post  a comment on a blog a user 
must solve reCaptcha. And the reCaptcha is used to 
digitalize books. 

 Piggyback.  
I.e. use the user‖s interactions with other established 
system to solve a Crowdsourcing problem. 

Once the recruiting of the crowd has been completed, the 
Crowdsourcing System must also help with retention. The 
most common ways to retain users are: 

 Provide instant gratification 
 Provide an enjoyable experience or providing a 

necessary service 
 Provide ways to establish a reputation 
 Provide ownership situations, where a user may 

feel he or she “owns” a part of the system 
 

4. What contributions can users make? 
The contributions is the reason why the Crowdsourcing 
platform is built. They depend on the designer of the sys-
tem. The Contributions can be as simple as: evaluate, users 
review, rate or tag. Can be medium complexity as contrib-
uting photos to iStockPhoto, designs to Threadless. And 
really complicated as scientific processes submitted to Inno-
centive or software solutions to TopCoder. 
 

5. How to combine contributions? 
The combination mechanisms can vary from the manual 
combination such as rating from other humans to the auto-
matic combination of results. The automatic combination of 
results frequently involves some form of statistical aggrega-
tion. 
 

6. How to evaluate users? 
A Crowdsourcing system frequently needs to deal with 
malicious members of the crowd. When designing the sys-
tem development must consider techniques that block, de-
tect, and deter malicious members of the crowd from dam-
aging the system. 
 

7. Degree of manual effort 
It‖s to the creators of the Crowdsourcing system to decide 
how much manual effort must be invested in the task it can 
vary from he extremely easy as casting a vote to the ex-
tremely complicated like folding a protein i.e. the 
http://fold.it game. 
 

8. Role of human users 
There are basically four roles for humans in the crowd[5]: 

 Slaves: 
Humans help solve the problem in a divide-and-
conquer fashion. 

 Perspective providers:  
Humans contribute different perspectives, which 

http://citizentube.com/
http://citizentube.com/
http://citizentube.com/
http://citizentube.com/
http://citizentube.com/
http://citizentube.com/
http://wikipedia.org/
http://wikipedia.org/
http://wikipedia.org/
http://wikipedia.org/
http://wikipedia.org/
http://wikipedia.org/
http://kiva.org/
http://kiva.org/
http://kiva.org/
http://kiva.org/
http://kiva.org/
http://kickstarter.org/
http://kickstarter.org/
http://kickstarter.org/
http://kickstarter.org/
http://kickstarter.org/
http://kickstarter.org/
https://www.mturk.com/
https://www.mturk.com/
https://www.mturk.com/
https://www.mturk.com/
https://www.mturk.com/
https://www.mturk.com/
http://fold.it/
http://fold.it/
http://fold.it/
http://fold.it/
http://fold.it/
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when combined often produce a better solution 
(than with a single human). 

 Content providers:  
Humans contribute self-generated content (for ex-
ample, videos on YouTube, and images on Flickr). 

 Component providers:  
Humans function as components in the target arti-
fact, such as a social network, or simply just a 
community of users (so that the owner can, say, sell 
ads). 

 
9. Standalone vs. Piggyback architecture 

An Standalone system is one that is built explicitly to be 
used for the crowd to collaborate examples of this are Ama-
zon Mechanical Turk or Wikipedia. A Piggyback system is 
one where the users already use the system for other pur-
poses and the developers exploit this information for other 
purposes. 
 

2.4 Criticisms 

Crowdsourcing criticisms can be classified in two groups, 
problems to the organization creating the work 
(crowdsourcer) and problems for the members of the crowd 
performing the task (crowdworkers).  
 Of the crowdsourcers: 
CS 1. Ethical Concerns:  
In sites such Amazon Mechanical Turk workers are making 
less than the minimum wage even in India. [6] 
 
CS 2. Increased risk of not finishing on time.  
If a project doesn‖t generate enough interest of the crowd it 
might be that some elements of the work actually don‖t get 
done. [7] 
 
CS 3. Risk of low quality work.  
Since tasks are paid on completion, quality might not be 
taken care of by the crowdworker. And then mechanisms 
such as verification or rework make the task more expen-
sive. [8] 
 
CS 4. Typically no confidentiality agreements.  
Normally the members of the crowd don‖t sign any form of 
a contract which might present some liability problem for 
the crowdsourcer. 
 
 Of the crowdworkers: 
CW 1. Below minimal wage income.  
It has been researched that as Crowdsourcing gets more 
popular workers are making less and less money even to 
the point of making below minimum wage in India.[6] 
 
CW 2. No form of work  
contract or work stability. Since there are no contracts basi-
cally is on the discretion of the crowdsourcer to decide if 
pays for the work.[9] 
 
CW 3. No communication with other members of the 
crowd.  
Crowdworkers tend to work individually. This leads to an 
isolating experience as the examples from 

http://innocentive.com  and the Netflix challenge shows. 
[10] [11] 

3. BACKGROUND IN HUMAN-COMPUTATION 

 

3.1 Definition 

The first use of the term Human-Computation seems to be 
the 2005 Luis Vohn Ann thesis with the same title: Human 
Computation. Ann defines Human-Computation as: 
“...paradigm for utilizing human processing power to solve prob-
lems that computers cannot yet solve.” [12] This tasks often 
include: seeing what is an image, understanding a para-
graph, or simply knowing common facts. 

3.2 Examples 

This is an example of a Human-Computation program us-
ing the TurKit framework [13].  It has 2 human tasks: 
: a) generating five ideas for things to see in New York City, 
and b) sorting he list by getting workers to vote between 
ideas. 

 
The following table presents examples of Human-
Computation systems. 
 

Name of the System Description 

ESP Game A collaborative game where 
humans tag images to help 
search engines. 

http://reCAPTCHA.net A login system that at the same 
time allows millions of user 
digitalize books. 

Biomorphs software  A Genetic algorithm in which 
the fit function is set by a hu-
man. 

http://fold.it A system in which user try to 
―fold‖ proteins to see if they can 
combine in a certain way. 

Table 2 Examples of Human-Computation systems. 

 

3.3 Considerations when developing a Human-

Computation system 

The following list is compiled from the Human-

Figure 1 A TurnKit script for a Human Computation algorithm. 
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Computation analysis dimensions proposed by [14]. 
 

1. What is the motivation?  
Reasons a person has to collaborate in this process. 
This could be: Pay, Altruism, Enjoyment, Reputa-
tion, Implicit work. 
 

2. How is Quality going to be controlled?  
How is the owner of the system verifying that the 
quality of the human tasks is up to par to expecta-
tions. There are several mechanisms: Output 
agreement, Input agreement, Economic models, De-
fensive task design, Redundancy, Statistical filter-
ing, Multilevel review, Automatic check, and Repu-
tation system. 
 

3. How are contributions going to be aggregated? 
How is the system going to organize, collect all the 
contributions from the different humans: Collec-
tion, Wisdom of crowds, Search, Iterative im-
provement, Genetic algorithm, None. 
 

4. What Human Skill is needed to perform the task?  
Abilities that humans will use to do the task: Visual 
recognition, Language understanding, Basic human 
communication. 
 

5. What is the Process Order?  
Collaboration order between Humans and Com-
puters. 
 

6. What is the Task-Request Cardinality?  
Depending on the nature of the problem the owner 
of the system may require the help of only one per-
son to perform the task or many. This enables the 
following cardinality relationships: one-to-one, 
many-to-many, many-to-one, and few-to-one. 

 

3.4 Criticisms 

1. It‖s difficult to write code.  
When some of the functions, are done by humans 
How do you represent them in your code? Com-
mon approaches are functions that abstract display-
ing a user interface to interact with a human. An 
example of this approach is the TurKey [13] in 
which Human-Computations are abstracted as 
simple function calls. 

 
2. It‖s difficult to debug.  

Most programming tasks require several attempts 
to get it right. However how is it possible to at-
tempt to run the same program several times, if on 
each attempt a person must be there to provide in-
put. 
 

3. It‖s difficult to test.  
Related to the previous problem. Unit Testing is the 
most common used technique used for software 
quality assurance. The same problem arises if on 
each test run a person must be in front of the com-

puter to provide input. 
 

4. Long lived processes.  
When running a Human-Computation program 
over a moderated size data set the program might 
run for days or weeks. In that case simply turning 
off a server or an electrical failure can waste several 
days of work. 

 

4. COMPARISON OF BOTH PARADIGMS 

As seen it‖s difficult to draw a line to distinguish between 
the Human Computing paradigm and Crowdsourcing. 
However Quinn and Bederson[14] make the distinction 
clear: “...Human-Computation replaces computers with humans, 
Crowdsourcing replaces traditional human workers with members 
of the public.” 
 
The following figure shows the relationship between both 
concepts: 

 
 
 
 
 
 
 
 
 

From the diagram we see there are 3 subsets of systems: 
 

1. Human-Computation system‖s that aren‖t 
Crowdsourcing.  

In this set we find the first works on Human-Computation. 
The clearest example is: “human-based genetic algorithm 
(HBGA) is a genetic algorithm that allows humans to con-
tribute solution suggestions to the evolutionary process. For 
this purpose, a HBGA has human interfaces for initializa-
tion, mutation, and recombinant crossover. As well, it may 
have interfaces for selective evaluation. In short, a HBGA 
outsources the operations of a typical genetic algorithm to 
humans.”[15] 
 

2. Crowdsourcing systems that aren‖t Human-
Computation. 

 
In this category we have systems that allow persons to col-
laborate but that aren‖t related to computing tasks such as: 
  

 Social computing:  
Blogs, forums, etc. The distinction between social 
software and Human-Computation is that social 
computation facilitates natural human behavior 
whereas in Human-Computation the interaction is 
directed by the Human-Computation system. 
 

 Data mining:  
In general the use of data mining software does not 
encompass the collection of the data, whereas Hu-

Crowdsourcing 

Human-

Computation 

Figure 2 Reltionship of Crowdsourcing and Human-Computation 

http://en.wikipedia.org/wiki/Genetic_algorithm
http://en.wikipedia.org/wiki/Genetic_algorithm
http://en.wikipedia.org/wiki/Genetic_algorithm
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man-Computation does. 
 

3. Human-Computation that are also Crowdsourcing.  
Most of the Human-Computation systems are also 
Crowdsourcing systems because normally with Human-
Computation we want to process a large amount of data. 
Most of the Crowdsourcing systems fall into this category 
such as the ESP Game mentioned or the fold.it games men-
tioned before. 

5. THE PROPOSED SYSTEM: CAPTURISTA SOBRE 

RUEDAS (TYPISTS ON-WHEELS) 

 

5.1 Context of the Problem 

 
There is global tendency to digitize the paper archives, and 
books. However in order for this information to be useful 
the contents of the book also need to be processseed with 
Optical Character Recognition (OCR). OCR is the technolo-
gy that allows a computer to decode text embedded in an 
image, however this method isn‖t 100% reliable and it is 
needed so that the text is searchable. However OCR isn‖t 
reliable in most cases, so there is a need for human verifica-
tion. 
 
Nevertheless using humans to verify and correct the errors 
of OCR is expensive, so expensive in fact that frequently 
this task has been outsourced to development countries 
were low salaries make digitalizing books more affordable. 
Could there be a way to provide digitalizing service‖s inside 
the country that is also cost effective? 
 

5.2 Proposed solution 

 
“Capturistas Sobre Ruedas” is a company whose mission is: 
“to provide dignify employment for persons with disabili-
ties while digitalizing government paper archives”. So our 
proposed solution is: 
 

1. Digitize books 
2. A computer OCR them,  
3. humans (with disabilities) verify and correct the out-

put of the system and  
4. finally assembly a book.  

 
The benefits for the crowdworkers are that they: 

1. Can work from home 
2. Save money from transportation and  
3. Save time which allows them to have more availa-

ble working hours. 
4. They are free to work in their own time and decide 

how much they want to make. 
 
The benefits for the crowdsourcer are that they:  

1. Can pay market salaries (which tend to be low be-
cause digitalization services are considered low value add-
ed). 

2. They get an “elastic” work force that can grow ac-
cording to the size of the project. 
 
 

5.3 Human Resources Considerations 

 
The plan is to pay the crowdworkers an amount for each 
page verified and typed. This will allow them to work at 
any time and in any amount they want, and will let the 
crowdsourcer pay proportionally. 
 
 
Now this raises another concern: How can payment be done 
in a variable way? So that crowdworkers can be paid fairly 
and legally.  Fortunately the Federal Work Bill (Ley Federal 
del Trabajo)[16]  in its article 89, provides the legal frame-
work under which an employee can be paid according the 
units produced.  
 
Payments in a crowdsourcing environment are contentious 
item. Since in the current market places the payment is set 
according to the desire of the crowdsourcers they tend to be 
below minimum wage, even for development economies 
such as India. [7] 
 
So How much money does a crowdworker in Capturista-
Sobre-Ruedas stands to make? From a personal interview 
with a Director of a Software division. This division was 
incubated by CIMAT and has participated in digitalization 
projects. From one of their projects I got the following data:   
 
It got mxn $3,500,000 for digitalizing 5,000 books.  
That translates into: $3,500,000 mxn / 5000 books =  $700 
mxn / book. 
Each book has 300 pages so that is: $700 mxn / $300 pags. = 
$2.33 mxn /pag. That is the cost for the customer so now 
lets assume that the crowdworker receives half of that as 
compensation = $1.17 mxn /pag. 
 
So how many pags can a fulltime crowdworker do?  Ac-
cording to the Editorial Freelancers Association [17] a per-
son indexing (reading the document and typing an index) 
can do 8 – 20  pags/ hour. So fulltime worker may produce 
8-20 pags/hour *  8 hours /day = (64 – 120) pags / day. 
Finally 64-120 pags / day * $1.17 mxn/pag. = $74.67 - 
$186.67 mxn / day. 
 
So a crowdworker working full time $8 hours per day 
stands to make from $74.67 mxn to $186.67. If we consider 
that the average minimum wage for workers in Zacatecas 
[18] is:  $59.08 that means that a fulltime crowdworker will 
most probably make more than the minimum salary and 
there is a good chance that they can make 3 times the mini-
mum. 
 
 

5.4 Risk Analysis of Proposed Solution 

The problem with the proposed solution is that team devel-
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oping it, has never built such a system. So what are the risks 
to build a system like that? 
 
In NASA[19] there is a simple technique to identify risks: 
“we can distinguish risk in three possible ways:  
a) known-known   

we know the risk and have retired it,  
b) known-unknown  

we know that there is a risk and the risk is modeled and  
c) unknown-unknown 

 we don’t even know there is a risk.   
 
Exploration is about diving in the unknown-unknown.” 
 
Under the technique the team could easily distinguish the 
risks: 
 

a) known-known:  
The system had to be distributed across different 
users, with user login and database persistence. 
This wasn‖t a problem since the team had experi-
ence developing web applications. 

 
b) known-unknown:  
The team knew they needed to process images digi-
tally but they didn‖t know the tools or techniques 
needed to do that. This risk was mitigated by hav-
ing one student from CIMAT build a prototype of 
the relevant image processing techniques. 

 
c) unknown - unknown:  
This is the difficult part. In order to discover these 
risks the team took three approaches: 

 
1. Interviews with experts in archives. 

The team was able to explore early problems by 
talking with experts that have worked in big 
government archives before this helped identify 
some risks that weren‖t considered in  the be-
ginning.  
 

2. Build a Trace Bullet prototype [20].  
A Tracer Bullet is inspired by the airplanes dur-
ing the 2nd. World War in which of every fifth 
bullet shoot by an airplane would lead a trace 
so that the gunman could aim better. So a tracer 
bullet prototype is a prototype that covers “all” 
the layers of the system so that it can discover 
the communication problems between layers. 
The prototype for Capturista Sobre Ruedas 
tried to create an end-to-end system for only 
one user and one book. It uncovered several 
problems on the interaction of the different 
subsystems. 

 
3. Review of the literature on Crowdsourcing and 

Human-Computation. 
Apply the considerations for designing a 
Crowdsourcing platform and considerations 
when designing a Human-Computation plat-
form and try to identify things that the team 
didn‖t foresee.  

 

5.5 Proposed Solution under the Crowdsourcing 

Paradigm 

In the following table is the analysis of the proposed solu-
tion under the Crowdsourcing paradigm. 
 

Concept Was it 
considered 
before the 
analysis? 
(risk cate-
gory) 

Mitigation Strategy 

Considerations when developing 

1. Nature of 
collaboration 

known - 
known 

Collaboration is going to 
be explicit. 

2. Type of Tar-
get Problem 

known- 
known 

Members are going to 
verify and correct OCR 
output. 

3. How to re-
cruit and retain 
users? 

unknown-
unknown 

The team  expects to re-
cruit to each government 
office of person with 
disabilities. 
 
Now to retain them the 
team is thinking of im-
plementing a reputation 
strategy like badges, or 
points that the rest of the 
members of the crowd 
can show. 

4. What contri-
butions can 
users make? 
 
 

known- 
known 

Members will correct 
output from the OCR 
program and verify text. 

5. How to 
combine con-
tributions? 
 

known- 
unknown 

Corrected texts are going 
to be mixed with other 
texts until a customer has 
a fully digitized book. 

6. How to 
evaluate users? 
 

unknown-
unknown 

When user submits a 
corrected text another 
member is going to verify 
the text, this will rank 
members by quality of 
submissions and speed in 
verification. 

7. Degree of 
manual effort 
 

known- 
unknown 

In the begging members 
of the crowd were going 
to type the whole docu-
ment latter it was decid-
ed they would verify 
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OCR text, therefore sim-
plifying the text input. 

8. Role of hu-
man users 
 

known- 
known 

According to the taxon-
omy they are going to be 
“slaves/members of the 
crowd” 

9. Standalone 
vs. Piggyback 
architecture 
 

known- 
known 

It was already decided 
that the application was 
going to be standalone. 

Criticisms 

CS1. Ethical 
concerns about 
paying less 
than minimal 
wage. 

unknown-
unknown 

In order to prevent this 
problem members of the 
crowd that work at least 
80 hours / month. Will 
be hired as permanent 
employees with mini-
mum wage. 

CS2. Increased 
risk of not fin-
ishing on time 

unknown- 
unknown 

If work starts to accumu-
late there will be bigger 
invitation to increase the 
size of the crowd. 

CS3. Risk of 
low quality 
work 

known- 
known 

Members of the crowd 
are going to verify other 
members work in order 
to increase quality. 

CS4. Typically 
no confidenti-
ality agree-
ments 
 

unknown- 
unknown 

In order to give custom-
ers confidence that their 
information is going to 
be secured only workers 
paid with minimum 
wage will work in pro-
jects that require confi-
dentiality agreements. 

CW1. Below 
minimal wage 
income 

unknown-
unknown 

It is going to be resolved 
with contracted workers 
as CS1. 

CW2. No form 
of work con-
tract or work 
stability 

unknown- 
unknown 

It is going to be resolved 
with contracted workers 
as CS1 

CW3. No 
communication 
with other 
members of the 
crowd 

unknown- 
unknown 

It was decided that 
crowdworkers are going 
to have a chat to com-
municate with other 
crowdworkers that hap-
pen to be working at the 
same time. 

Table 3 Risk analysis under Crowdsourcing paradigm. 

 
From this table we learn that from the Crowdsourcing Par-

adigm there are 16 concepts that we need to verify. Of those 
7 were unknown - unknowns so the team learned 77% more 
of this analysis (9 was 100% of knowledge). 

 

5.6 Proposed Solution under the Human-

Computation Paradigm 

The following table presents the analysis of the proposed 
solution under the Human-Computation paradigm. 
 

Concept Was it con-
sidered 
before? (risk 
category) 

Mitigation Strategy 

Considerations when developing a Human-Computation 
system 

1. What is the 
motivation? 
 

known - 
known 

Payment 

2. How is 
Quality going 
to be Con-
trolled? 
 

known - 
known 

Multilevel Review 

3. How are 
contributions 
going to be 
aggregated? 
 

known - 
known 

Collection 

4. What Hu-
man Skill is 
needed to per-
form the task? 
 

known - 
known 

Visual Recognition 
Language Understand-
ing 

5. What is the 
Process Order? 
 

Known - 
Known 

Task are going to be 
assigned in a First-In 
First-Out series 

6. What is the 
Task-Request 
Cardinality? 
 

Known - 
Known 

one-to-many one book 
generates several work-
ers. 

Criticisms 

HCC1. It‖s 
difficult to 
write code. 

Known - 
unknown 

After building the Trac-
er Bullet prototype it 
was decided that the 
best approach was to 
use a pipe and filter-
architecture with the 
pipes represented by 
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queues such as 
ZeroMQ[21]. 

HCC2. It‖s 
difficult to 
debug. 

unknown - 
unknown 

The strategy is going to 
use memoization for the 
human tasks. So that  it 
can run the debugger 
without asking humans 
again. 

HCC3. It‖s 
difficult to test.  

unknown - 
unknown 

The same strategy as in 
HCC3 applies. 

HCC4. Long 
lived process-
es. 

unknown - 
unknown 

The same strategy as in 
HCC1 applies. Since 
queues will facilitate the 
creation of short lived 
processes that will re-
start if they fail. 

Table 4 Risk analysis under Human-Computation paradigm. 

 
From the previous table we know that in Human-

Computation there are 10 concepts to consider of 
those 3 where previously unknown - unknown, so 
the team was oblivion to them. This analysis yields 
42% more knowledge. 

 

5.7 Refined Solution 

The simple known-unknowns technique of risk analysis did 
uncover several things that the team hadn‖t considered. The 
most important realizations are: 
 
In order to avoid ethical concerns the team will hire mem-
bers of the crowd that show that work on average 80 hrs / 
month on the system. This will help in paying fair wages, 
provide work stability for the workers and confidentiality 
agreements for the customers. 
 
The members of the crowd apart from money need other 
motivators to spend time on the site. That‖s why the team is 
adding social features such as a chat so that crowdworkers 
can communicate with other members and badges and 
points so that there is some form of prestige that motivates 
workers. 
 
In order to facilitate debugging and automatic testing, tasks 
delegated to humans will use the memoization 
technique[13]. So that a human functions are done once and 
only once. 
 
A pipe and filter architecture based on queues such as 
ZeroMQ that will provide stability between processes that 
will run for long times.  
As a result of this analysis it was possible to answer the 
following research questions: 
1. Can both paradigms be applied to the same problem? 
Yes, although Crowdsourcing and Human-Computation 
deal with different kinds of systems there is overlap and as 
we‖ve seen in fact the most interesting problems that can be 

solved with Human-Computation will require a 
Crowdsourcing component to provide large amounts of 
human processing power. The inverse isn‖t necessarily true 
are there interesting Crowdsourcing solutions that not use 
Human-Computation? yes, there are many categories such 
as crowdfounding, or wisdom of the crowds that not re-
quire Human-Computation. 
 
2. And does applying both paradigms to the same problem 
actually provide any benefits? 
Yes; as seen on the analysis the team learned 77% unknown-
unknowns from the Crowdsourcing paradigm and 46% 
from the Human-Computation. 123% more knowledge 
about the problem. Thanks to using both paradigms the 
team has more than doubled their knowledge of the prob-
lem which leads to savings in time, money and frustration. 
 
Crowdsourcing will provide the business view of designing 
the system. Will focus on the human side of the system: 
recruiting people of the crowd, focus on their incentives, 
etc. Human-Computation will focus on the algorithmic side 
of the problem will help define the architecture and how the 
system will integrate the work of the humans. 
 

6 CONCLUSIONS AND FUTURE WORK 

In the Crowdsourcing and Human-Computation paradigms 
it was identified what concerns and criticism should be 
taken into consideration when developing such a system.  
Then those concerns were used to analyze the Capturista 
Sobre Ruedas system which more than double the 
knowledge about the system.  
 
In the future the team intends to build the system. Taking in 
to account the a few considerations raised from this paper: 
 

1. Capturista Sobre Ruedas  should consider the pos-
sibility of integrating with other companies. In 
away that they can  “lease/rent” their work force 
i.e. the crowd to other companies that are also do-
ing digitalization projects. There are considerations 
such as the API for integration between companies 
and how would the team deliver the results. Still is 
an important business opportunity. 

2. Another important aspect in case of the “leasing/ 
rent” option is to give the customer the opportunity 
to define their own quality control mechanisms and 
have the system be smart enough to adapt to this 
demands. 

 
Contributions of this paper are: 

a) Use of dimensions of taxonomy as considerations 
when developing a system. Since there are very few 
guidelines when developing a Crowdsourcing or 
Human-Computation system, in this paper we used 
the taxonomy criteria as concerns that a team must 
consider. 

b) Tools for discovering risks in the unknown-
unknown category. It was proposed the use of two 
tools to uncover unknown-unknown: 1. Build a 
tracer bullet prototype and 2. Review the literature 



GARCIA:  APPLIYING CROWDSOURCING AND HUMAN-COMPUTATION PARADIGMS TO A SOFTWARE PROJECT 

 13 

 

to identify concerns and criticisms of similar prob-
lems. 

Finally as a proof of concept the author went ahead and 
developed a smaller system (ClickFactura) as a proof of 
concept of the challenges that a system such as Capturista 
Sobre Ruedas would require. The report on that experience 
is included in section 7 Appendix. 
  
“The question that motivates my research is, if we can put a man 
on the Moon with 100,000 [people], what can we do with 100 
million?” (Vohn Ann) [22] 
“of those 100 million,  10 will have a disability, we must include 
them. ” (Alejandro García F.) 
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7 APPENDIX: CLICKFACTURA A PROOF OF 

CONCEPT FOR CAPTURISTA SOBRE RUEDAS 

7.1 Introduction 

ClickFactura is an application that was developed as a proof 
of concept of how the Capturista Sobre Ruedas system 
could be developed. ClickFactura is a mobile application in 
which a customer goes to a retail store such as Wal-Mart1 
and takes a picture of his receipt and from that picture an 
invoice is generated and sent automatically to its email. 
Currently in order to generate an invoice for tax purposes in 
México a customer must have its ticket and then login to 
http://walmart.com.mx click in “Facturación Electrónica” 
and from there type several data that are in his purchase 
ticket. ClickFactura would save all this typing and replace it 
by just taking a photo of the receipt. 
 
That is from the point of view of the customer, however in 
the implementation side what is really going to happen is 
that the photo of the ticket will be sent to a human (Human 
Computation) that human will type the data from the ticket 
that is needed from the website. Those data are going to be 
sent to a web robot2. The web robot will type the data into 
the stores. The stores will generate the invoice and from 
there it will send it to the customer. 
 
 
 
ClickFactura covers some of the same basic operations that 
happen in Capturista Sobre Ruedas as can be seen in the 
following table. 
 
Concept Capturista Sobre 

Ruedas 
clickFactura 

 

1 Walmart (NYSE: WMT) is the World biggest retailer (Wikipedia) 
2 Web Robot. computer program that navigates a website like if it was a hu-

man. (Wikipedia) 

Scanner A full size doc-
ument scanner 
would be used. 

A smartphone 
camera is used. 

Computer Pre-
Processing 

An OCR will be 
used to pre-
process images. 

-- 

Human Computa-
tion 

A human will 
verify and cor-
rect the output 
from OCR. 

A human types 
the data contained 
in the ticket. 

Computer Post-
Processing 

A program will 
integrate all OCR 
images into a 
book. 

Web robot will 
send typed data 
to Stores websites. 

Verification Another human 
will verify the 
pages OCR. 

The stores website 
will validate if the 
typed data was 
correct or not. 

Table 5 Similarities between clickFactura and Capturista 
Sobre Ruedas. 

 

7.2 Components of the system and development 

 

 
Figure 4 Components of clickFactura 

Figure 3 clickFactura Interactions (Sequence Diagram) 

http://walmart.com.mx/
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The clickFactura system is easier to develop since on it the 
team focused in getting the system done without concerns 
out optimizations. The attitude when the system was devel-
oped was ‚just get it done‛ don’t worry about its speed or 
performance or even quality. This won’t be a production 
system just a proof of concept. With this in mind the com-
ponents developed are presented in Figure 4 Components of 
clickFactura. 

7.2.1 ClickFactura App (cfApp) 

Is the mobile component of the system is where the user 
takes the photo and it ‘s sent to the human computer. It was 
developed by using a tool from the Massachusetts Institute 
of Technology (MIT) called AppInventor.  
 
AppInventor is a Rapid Application Development (RAD)  
tool for mobile devices running on the Android Operating 
system. It has three main components: 
 

1. Interface Designer Figure 6. 
2. Block Editor Figure 5. 
3. Smartphone for debugging  

 
It uses a visual programming language that allows non 
experts in programming to develop applications. The Ad-
vantages of using AppInventor where clear using the Drag-
n-Drop interface for programming allowed a complete be-
ginner develop the clickFactura with no problem. 
 
However, there were some problems with development: 

 Currently it isn’t possible to send emails with an at-
tachment (the ticket photo) from AppInventor 
without an external component. 

 The external component used is called MailAttach 
and from AppInventor you can’t send two attach-
ments. Originally it was desired to send to photos 
one of the top of the ticket and one of the bottom. 

 And it was also discovered that you can’t set the 
resolution on the camera from AppInventor. 

 
However all those where minor details, and it was possible 
to work around them in pretty fast. The application was 
developed in 30 hours by a complete beginner in mobile 
development. 

7.2.2 MailAttach 

Once the photo of the ticket was taken it was needed to 
send it to the Human Computer. So we needed a form of 
communication that was:  

 Asynchronous. 
Because maybe the user didn’t have internet at the 
mall. Fast 

 Fast. 
Could deliver a ‚big‛ file (the image) and 

 Small 
It had to fit in the smartphone 

 Reliable 
Wouldn’t lose the photos. 

 

And the answer was, of course: Email. The email client that 
is already available on the smartphone covered all this pre-
requisites. 
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Figure 6 AppInventor Interface Designer [23] 

Figure 5 Block Editor (Visual Programming language) [23] 
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Figure 8 Step 1 identify to which store the ticket belongs to. 

Figure 7 Step 2 Type expected data. (Notice the magnifying glass) 
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7.2.3 MaiChecker 

Once the mobile app sent the email, a script called Mail-
Checker.php connects to the email account every 60 seconds 
and downloads new emails using the IMAP email standard. 
Then it downloads the email, the email comes with the im-
age already. Then it is saved. In the beginning it was consid-
ered that MailChecker would open the mail and save each 
field on to a relational database and the images as files. 
However, it was later considered to just save the whole 
email text as a file (even with the images encoded on it) . So 
it was basically treating each email as ‚record‛ every part as 
a ‚field‛ and the whole set of email files as a ‚document 
database‛. This once again speeds up development. So 
maybe for a more professional version of clickFactura or 
even for Capturista Sobre Ruedas one must consider a real 
document database. 
 

7.2.4 Human Computer 

Now a set of humans would get the ticket photo and will 
start to work on it. 

 The first step was to identify to which store the 
ticket belonged to. (Figure 8) 

 The second step is to type the data from the ticket  
in predefined fields. (Figure 7) 

 And finally send it to the Web Robot. 
 
This script was developed with PHP and JavaScript, lan-
guages which are pretty common when developing web 
applications.  
 
However the most interesting findings came from the UI. 
First in some of the tickets the image was too small so we 
added a magnifying glass tool. Second some images where 
in horizontal orientation so it was needed to turn them. 
Then also on the typing fields there wasn’t any validation 
and even though the fields where very small and with very 
little data humans made errors that could be easily prevent-
ed, such as not allowing letters in a number only field, or 
not allowing 10 characters in a field that required 12, etc. So 
the conclusion is in Human Computation the interface for 
humans is crucial in making the system less error prone.  
 

7.2.5 Web Robot 

The Web Robot was an application actually extracted from 
the Selenium and phpUnit projects. Normally Selenium is 
used to test web applications by recording human interac-
tions with a website and then reproducing them as part of a 
test suite that runs automatically. In this case the team ex-
tracted the part that made all the typing on the website and 
used it as a means to interact with stores websites. 
The challenges on this component were that currently Sele-
nium is using a new version called Web Driver and some of 
the functionality isn’t present on the phpUnit plugin. 
But most importantly is that Web Stores have some complex 
components that are actually quite difficult to control from 

the robot. So it became a form of trial an error on this appli-
cation. 

7.2.6 Web Stores 

Here it is a normal website that just asks some data to gen-
erate the invoice for customers. And then sends a pdf doc-
ument to the customer with his electronic invoice. 
The challenges as where mentioned before are that the sites 
use complex user interactions that are difficult to control 
from the Web Robot, after all that wasn’t their first intention 
and also the fact that if you want to generate the same in-
voice twice some stores will only send an email while others 
will only let you download a file. So clickFactura will need 
to make that a homogeneous operation.   
However there were some nice surprises, turns out that the 
same system is used by several different stores like SAM’s 
and Wal-Mart use the same system. So this has the ad-
vantage that as soon as one Web Robot is made for one store 
it can actually work for several different others. 
 

7.3 Conclusions and Future Work 

The clickFactura application was developed as a prototype 
of the Capturista Sobre Ruedas system. To do it in fast time 
RAD and hobbyist tools where used. (AppInventor) also 
proven communication mechanisms (mail and Selenium) 
and it was assumed that Human Computers would the 
heavy weight work. (I.e. no OCR system was used).  
 
The emphasis on this project was on learning the challenges 
associated with developing a crowdsourcing system and on 
speed, leaving aside considerations such as speed and ease 
of use. 
 
Developing the clickFactura prototype will help in develop-
ing the Capturista Sobre Ruedas system, because in essence 
clickFactura is just a small subset of all that Capturista So-
bre Ruedas will need to do. Developing the system using a 
RAD tool such as AppInventor and proven components 
such as Email and Selenium was essential in developing the 
prototype at a fast speed. The whole prototype took 2 weeks 
end to end by only one developer. 
And the most important thing is that this proof of concept 
proved a nice overview of what developing Capturista So-
bre Ruedas will be like. 
 
As future work we have:  
Develop the Capturista Sobre Ruedas system. 
Also for Capturista Sobre Ruedas a Queue mechanism that 
works as good as email for images, and tasks. 
Develop a mechanism that allows a fair distribution of work 
among crowdworkers, so that each crowdworker has a 
small pool of work to do  
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