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•  Some	  Context	  
•  Concepts	  underpinning	  current	  so?ware	  
development	  methods	  

•  Case	  study	  of	  Crowdsourcing	  So?ware	  
Development	  

Overview	  
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• Most	  so?ware	  development	  methods	  
based	  on	  concepts	  which	  emerged	  
between	  1967	  and	  1977	  

1967-‐1977:	  The	  ‘Golden’	  Decade	  

4	  

•  Waterfall	  Systems	  Development	  	  
Life-‐Cycle	  (Royce	  1970)	  

•  Itera:ve	  Development	  &	  Prototyping	  	  
(Bally	  et	  al	  1977)	  

•  User	  par:cipa:on	  (Emery	  &	  Trist,	  1969;	  	  
Cherns,	  1976;	  Eason,	  1977)	  	  

1967-‐1977:	  The	  ‘Golden’	  Decade	  
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•  Structured	  Approach	  
- Func:onal	  decomposi:on,	  informa:on	  hiding	  
(Parnas	  1972),	  en:ty	  rela:onship	  models	  
(Chen	  1976),	  data	  flow	  diagrams	  (Petersen	  
1973;	  DeMarco	  1977),	  modularity,	  cohesion	  &	  
coupling	  (Stevens	  et	  al	  1974)	  etc.	  

•  Jackson	  Structured	  Programming	  (Jackson,	  
1973)	  

1967-‐1977-‐-‐The	  Golden	  Decade	  
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•  Object	  Orienta:on	  
–  Roots	  in	  Simula	  in	  1967	  
–  Encapsula:on	  similar	  concept	  to	  informa:on	  
hiding	  (Parnas,	  1972)	  

•  So?ware	  Product	  Lines	  
–  Program	  families	  -‐	  Parnas	  (1976)	  

•  So?ware	  Architecture/Design	  Paferns	  
–  Dijkstra	  (1968);	  Parnas	  
–  Alexander	  et	  al	  (1977)	  

1967-‐1977-‐-‐The	  Golden	  Decade	  
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•  Agile	  Methods	  have	  roots	  in	  	  
• So?	  Systems	  Method	  (1970s)	  
• Lean	  assembly	  (1960s)	  
• Prototyping	  (1977)	  
•  Itera:ve	  and	  Incremental	  development	  

– NASA,	  IBM	  FSD	  (1960s)	  
• Heuris:c	  development	  (Berrisford	  &	  Wetherbe	  1977)	  
• Computer	  Assisted	  So?ware	  Engineering	  (CASE)	  

–  ISDOS	  project	  (Teichroew	  and	  Sayani,	  1971)	  

1967-‐1977-‐-‐The	  Golden	  Decade	  
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•  Time-‐Slicing,	  Batch	  Programming,	  Punched	  
Cards,	  Paper	  Tape,	  COBOL	  

1967-‐1977	  So?ware	  Environment	  
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New	  Concepts	  for	  Today’s	  
Development	  Environment	  

•  ????	  
•  Open	  Source	  So?ware	  

– “Surprisingly	  successful	  approach	  to	  so?ware	  
development”	  

9	  

Open	  Source	  So?ware	  
	  

•  Common development practices 
significantly evolved in OSS 
– Modularity  

•  Reduce learning curve 
•  Allow independent collaborative development 

– Configuration management 
•  Version control critical for distributed 

developers	  
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Open	  Source	  So?ware	  
	  

•  New OSS-specific practices 
– Time-‐based	  release	  management	  

•  Not	  feature-‐based	  as	  no	  commercial	  ra:onale	  
•  Important	  to	  OSS	  QA	  –	  developers	  stop	  adding	  
features	  and	  fix	  bugs	  

–  Feature	  freeze,	  string	  freeze,	  code	  freeze	  

	  
	  

Open	  Source	  So?ware	  
	  

•  New OSS-specific practices 
– Asynchronous development 

•  Not allowed interrupt developers – no co-
location or daily meetings 

•  Developers pulling from queue (lean/kanban) 
and generating messages 

– U2RL (Universal URL) - Process and communication 
archiving – all issues should have URL 

•  Lurking to find out what’s going on	  
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Open	  Source	  So?ware	  
	  

•  New OSS-specific practices 
– Extensive use of social media 

•  May even be customised tools – from bathtub 
to bus! 

•  Give feedback & recognition for contributions 
•  Gives visibility into who is doing what – avoids 

duplication	  

	  
	  

Open	  Source	  So?ware	  
	  

•  New OSS-specific practices 
– Work	  is	  not	  assigned,	  but	  self-‐selected.	  
–  Independent	  peer-‐review	  and	  prompt	  
feedback	  

– Governance	  is	  based	  on	  merit	  (meritocracy)	  
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Open	  Source	  So?ware	  
	  

•  Crowdsourcing – a long history but 
inspired by OSS (proof-of-concept)	  

	  
	  

Crowdsourcing:	  	  
Leveraging	  the	  Wisdom	  of	  the	  Crowd	  

•  Longitude	  Problem	  (1714)	  	  

•  Francis	  Galton	  (1907)	  Weighing	  an	  Ox	  
	  	  

•  The	  Wisdom	  of	  Crowds	  
	  (2004)	  

•  Amazon	  Mechanical	  Turk	  	  
	  

•  InnoCenTve	  

“No	  maJer	  who	  you	  are,	  most	  of	  the	  smartest	  people	  work	  for	  
someone	  else.”	  	  	  	  	  	  —Bill	  Joy	  

16	  
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Various	  Crowdsourcing	  PlaWorms	  

17	  

Expected	  Benefits	  from	  Crowdsourcing	  
So;ware	  Development	  

•  Cost	  ReducTon	  
–  Lower	  labour	  costs	  in	  different	  regions	  
–  Eliminates	  recrui:ng	  overhead	  

•  Faster	  Time-‐to-‐Market	  
–  ‘Follow-‐the-‐sun’	  24/7	  
–  Parallel	  decomposi:on	  of	  tasks	  

•  High	  Quality	  
–  Wide	  and	  deep	  knowledge	  experts	  who	  self-‐select	  
–  Linus’s	  Law	  –	  Many	  eyeballs	  make	  all	  bugs	  shallow	  

•  CreaTvity	  and	  Open	  InnovaTon	  
–  Beyond	  internal	  fixed	  mindset	  	  

	   18	  
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Case	  Study	  of	  
Crowdsourcing	  

So;ware	  Development	  

19	  

The	  Company:	  “Tech	  PlaWorm	  Inc.”	  
•  TPI	  is	  a	  global	  player	  offering	  cloud	  services	  and	  
solu:ons	  
–  400	  sales	  offices	  and	  partners	  in	  75	  countries	  
–  50K	  employees	  

•  Crowdsourced	  project:	  “Titan”	  
–  Task:	  Por:ng	  a	  migra:on	  u:lity	  from	  a	  stand-‐alone	  
desktop	  tool	  to	  a	  web	  applica:on	  (128	  panels)	  

–  Problem:	  Desired	  :me-‐schedule	  not	  feasible	  with	  
internal	  resources	  alone	  

•  Hence	  the	  need	  to	  outsource	  tasks	  
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TopCoder.com	  
•  More	  than	  636,000	  members	  from	  <50K	  in	  2004	  

–  	  but	  only	  ~0.7%	  ac:ve	  developers	  
	  
•  TopCoder	  Roles	  

– Account	  Manager	  
–  Platorm	  Specialist,	  Co-‐Pilot,	  Crowd	  Contestants	  
	  

•  TopCoder	  mantra:	  
TC	  Co-‐pilot	  does	  heavy	  li?ing	  &	  process	  management.	  	  
–  Customer	  is	  “conductor	  of	  a	  world-‐wide	  talent	  pool”	  

•  So?ware	  development	  cost	  reducTon	  of	  62%	  through	  
crowdsourcing	  (TopCoder,	  Tech	  Crunch	  2013)	  

TopCoder	  Contest	  Interface	  

Contest	  info	  

Contest	  Name	  

Prizes	  /	  Cost	   Detailed	  descripTon	  
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CriTcal	  Issues	  in	  Crowdsourcing	  
•  Task	  DecomposiTon	  

•  CoordinaTon	  &	  CommunicaTon	  

•  Planning	  &	  Scheduling	  

•  Quality	  Assurance	  

•  Knowledge	  &	  IP	  
23	  

Task	  DecomposiTon	  

What	  parts	  to	  crowdsource?	  
•  Least	  domain	  	  
knowledge	  required	  

•  Self-‐contained	  
•  Scarce	  internal	  	  
resources	  

24	  

The TC software development methodology comprises a number 
of different competition types, organized in a number of 
categories, as illustrated in Figure 1.  

3.2 Methods and Analysis  
The goal of our study was to investigate crowdsourcing in a soft-
ware development context from a crowdsourcing customer per-
spective, to better understand this process and the challenges as-
sociated with it. To that end, we conducted an in-depth case study 
at the case company. Case study research is particularly suited to 
study real-world phenomena that cannot be studied separately 
from their context [87]. Case study research has become increas-
ingly popular as a method in software engineering research [68], 
as it provides rich insights into contemporary phenomena (e.g., 
distributed development [36], open source software development 
[61]). For this study we conducted a number of face-to-face, semi-
structured interviews with key informants who were involved with 
the TC crowdsourcing initiative. These included the Divisional 
CTO at the visited location, a software architect, a software de-
velopment manager, a program manager and a project manager. 
Prior to the study, we developed an interview guide that was 
based on the crowdsourcing themes discussed in Section 2. The 
face-to-face interviews were conducted during three half-day 
workshops on the premises of the company. In addition, we 
conducted two teleconference interviews each involving two TPI 
staff members who played key roles in the crowdsourcing process. 
Interview sessions lasted between one and two hours each. During 
the research process, we sent several early drafts of this paper to 
key participants of the study—a form of member checking [68], 
and this also provided opportunities to seek clarifications when 
necessary. Data were analyzed using qualitative methods as 
described by Seaman [73]. All interviews were transcribed, 
resulting in 112 pages of text. The analysis consisted of coding the 
transcripts using the six themes identified in Section 2.2 as seed 
categories. The transcripts were analyzed in parallel by both 
authors and several analytical memos were written. The memos 
established an audit trail of the analysis, and facilitated a process 
of peer debriefing for the researchers. Besides drawing from the 
interview data, we also drew from a number of internal documents 
prepared by the company, which facilitated a process of 
triangulation among data sources. Other sources included 
documentation on the crowdsourcing schedules, project 
documentation that TPI stored on an internal wiki, and contest 
information drawn from the TopCoder website. Further details of 
the design and execution of our study are described in our study 
protocol [76]. 

4. CROWDSOURCING AT TPI  
The application which TPI selected for crowdsourcing was Titan, 
a web application to be used by TPI field engineers when 
migrating from one platform to another as part of a customer 
engagement. Within TPI a technical decision was taken that future 
development should use HTML5, and this was the technology 
chosen for the front end, which was replacing the desktop 
application. The back-end services were based on a similar 
technology set used by the previous desktop-based solution. Thus, 
TPI were keen to leverage HTML5 expertise from the large global 
TC community. Figure 2 illustrates the breakdown of the 
development work in terms of what was to be done by TPI, and 
what was to be done by TopCoder. It should be noted that the 
dimensions of the figure do not reflect the actual amount of work. 
Given that a lot of TPI domain-specific knowledge is required for 
back-end development, this is retained as part of the TPI 
development responsibility.  

Similarly in the front-end, topics such as migration planning, 
importing and the scripting engine were retained for development 
by TPI. The two activities that are part of the TC crowdsourced 
development are asset modeling and automation testing. Modeling 
refers to the arrays and switches that need to be migrated and thus 
have to be modeled (i.e. created and configured) in the Titan 
application. Automation testing complements unit and integration 
testing which is designed by TPI developers, and refers to the 
testing designed by QA to test the front-end GUI interaction with 
the back-end. As can be seen in Figure 2, this development 
activity will be carried out almost entirely by TC. The small 
portion that will be developed by TPI involves a “Gold Standard” 
which will be made available subsequently as a template for the 
TC community to indicate how TPI would like automation testing 
to be done. The following sub-sections draw on the framework in 
Section 2.2 to discuss the TC crowdsourcing development for the 
TPI web application.  
 

 
Figure 2. Work decomposition between TPI and TC. 

 
 

4.1 Task Decomposition  
The choice as to what parts of the product were appropriate for 
crowdsourcing was not entirely trivial for TPI. Code and 
executables which were self-contained would be easier to merge 
and hence were more suitable for crowdsourcing. However, if 
code from TC had to be directly merged with code being 
developed in-house, this would be more problematic. The decision 
as to what work to crowdsource was primarily based on internal 
resources (or lack thereof) and the amount of domain knowledge 
required for a certain task. Tasks that required the least amount of 
domain knowledge were deemed most suitable. 
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Figure 1. TopCoder competition types and phases (adapted 
from Mao et al. [59] and TopCoder.com). 
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CoordinaTon	  &	  CommunicaTon	  

•  MulTple	  interacTon	  layers	  

•  TopCoder	  waterfall	  process	  à	  TPI	  agile	  process	  
–  Challenge	  to	  integrate	  TC	  deliverables	  into	  Sprints	  

25	  

TPI	  
•  TC	  Program	  Manager	  
•  Titan	  Program	  Manager	  
•  TC	  Architect	  
•  Titan	  Product	  Architect	  
•  Tac:cal	  Scrum	  Team	  
•  Normal	  Scrum	  Teams	  
	  

TopCoder	  
	  

•  Account	  Manager	  

•  Platorm	  Specialist	  
•  Co-‐Pilot	  
•  Contestants	  
	  

CoordinaTon	  &	  CommunicaTon	  

26	  

Table 1. Titan development phases and specifications. 

Phase Panels Documents Pages 
1 Dashboards 40 NA NA 
2 Flagship product I 18 15 196 
3 Flagship product II 33 19 543 
4 Network devices 14 11 161 
5 Legacy and third-party 23 17 131 

 

TPI divided the project into five development phases, listed in 
Table 1. The first dashboards phase was the front-end which 
involved the high-level dashboard interface pages, e.g., for 
customer creation, project creation and navigation. The next two 
development phases involved configuration of TPI’s flagship 
product. Following this, Phase 4 was concerned with the various 
network devices which also form part of the migration 
configuration. Finally, Phase 5 dealt with the low-end legacy 
products and various third party solutions that also need to be 
migrated. In order to minimize the modifications that would need 
to be made to the TC code after delivery, TPI made the header and 
footer browser code available to TC developers. This was to 
ensure this standard format would be maintained by all TC 
developers. For the Titan application, TPI’s policy was to only use 
HTML5 where a feature was supported by all platforms to 
increase portability. Initially, there was an expectation that the TC 
community would deliver some innovative HTML5 code. 
However, the TPI requirement that HTML5 features would have 
to be supported by all browser platforms resulted in a very small 
proportion of all potential HTML5 features being available for use 
by TC developers. The expected innovation from the “crowd” was 
thus precluded by the TPI specification. 
In order to minimize integration effort later on, the architect had 
wanted to let TC developers work against a real back-end core as 
opposed to stub services. However, by the time development with 
TC started, the core was not ready and stubs were used during 
most development contests. Consequently, this integration effort 
was pushed back to a later stage in the development process, 
which was not ideal. 

For traditional in-house development, TPI developers had 
internalized a great deal of information in relation to coding 
standards and templates, and technical specifications. However, 
many of the coding standards and templates were documented 
informally and not stored centrally on the internal wiki 
installation. This scattering of information and URLs prevented it 
from being packaged as a deliverable for TC developers. A great 
deal of extra work was necessary to ensure that this information 
was made explicit in the requirements specification for the 
external TC developers. Most of the effort was related to the 
technical specifications. Table 2 lists the number of documents 
and the total number of pages of specifications written for each of 
the five phases defined by TPI. The architect liaising with TC 
described the situation as follows:  

“It feels like we’ve produced a million specification documents, 
but obviously we haven’t. The way we do specifications for 
TopCoder is entirely different to how we do them internally.”  

4.2 Coordination and Communication  
From the TC perspective, the software development process 
consists of a number of interrelated phases (see Figure 1 above). 
While the TC process is essentially a waterfall one, an agile 
development process, based on Scrum, was in use at TPI. 
Synthesizing these different development processes was 
problematic. TC development had to be assigned to a Scrum team 

within TPI, and TC contributions needed to be subsequently 
injected into the appropriate sprints. The architect summarized the 
central problem as follows:  

“We are an agile shop and we are used to changing our minds. 
This can be a problem with TC when we tell them one thing in one 
contest, but have changed our mind in the next contest.”  

There were also quite a number of layers in the engagement 
model between TC and TPI. Firstly at the TC end, a co-pilot 
liaised between the TC developer community on the one hand, 
and TPI personnel on the other hand. Furthermore, a platform 
specialist and the TPI account manager were involved, effectively 
overseeing the co-pilot and recommending changes at that level. 
In this case, following some problems, a new co-pilot was 
selected with a tendency to be more proactive than his prede-
cessor.  

Within TPI, the choice of personnel to interact with the TC co-
pilot was a difficult decision. While TC would prefer a single 
point of contact within the customer organization, there were 
significant management and technical issues involved, thus 
requiring senior people from TPI on both the management and 
technical end. A senior TC program manager was appointed 
specifically for all programs being developed with TC. This 
manager ensured that management were aware of any scheduling 
issues that could arise, for example, and also ensured that training 
was provided. However, there was also a specific Titan program 
manager, and thus there was inevitably some overlap between 
both roles. On the technical side, a senior architect was allocated 
to coordinate the TC development for the Titan project. This role 
of TC liaison which had daily contact with the TC community 
was considered to be problematic within TPI, given the 
considerable pressure to answer questions which was also very 
time consuming. There was some concern within TPI about 
allocating such a senior resource to this liaison role given the 
significant cost. The Software Development Manager described 
the situation from a resource allocation perspective:  

“To have a single point of contact for the project on our side, the 
contact needs to have both technical skills and project 
management skills to be able to manage the requirements, 
competitions and questions from TopCoder technical community 
members. It used a very valuable resource and in this project they 
had to use up some time from other developers to address all the 
questions coming back from TopCoder.” 

At the initial stage, this liaison role involved answering questions 
on the TC Forums. There was significant time pressure involved 
since a time penalty applied if forum questions were not answered 
in a timely fashion by TPI, which would mean that the original 
committed delivery date for TC development would be pushed 
out. Also, the architect estimated the time answering questions on 
the TC Forums to be at least twice as long as would be the case 
with internal development:  

“There are a lot more questions than with internal development. 
However, there is no informal communication mechanism. You 
cannot yell at the person in the next cubicle and get the answer 
very quickly.” 

In contrast to distributed development which typically involves 
other developers from the same organization, the only relationship 
which tended to build over time was that with the TC co-pilot. 
There was no real opportunity to build up a relationship with any 
of the TC developers, as interaction was filtered through a number 
of layers. Another structural coordination issue arose in that TPI 
allocate architects to products, and the desire to get the TC project 

192
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“It	  feels	  like	  we’ve	  produced	  a	  million	  specifica3on	  documents,	  
but	  obviously	  we	  haven’t.	  The	  way	  we	  do	  specifica3ons	  for	  
TopCoder	  is	  en3rely	  different	  to	  how	  we	  do	  them	  internally.”	  	  
	  

–TPI	  Architect	  	  
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Planning	  &	  Scheduling	  

27	  

completed resulted in two additional architects working on the 
project. This was seen as a sub-optimal resource allocation, given 
that the architect role was a somewhat scarce and extremely 
valuable resource. 

TPI also had a so-called “tactical” Scrum team that could be 
assigned to different tasks more flexibly in that they were not 
formally assigned to projects on a long-term basis, as was the case 
with the normal Scrum teams at TPI. This tactical team could deal 
with TC contributions when they arrived. However, in some cases 
a normal Scrum team would also be assigned to the project, and in 
these cases involvement of the tactical Scrum team would not then 
be necessary. Overall, there was extra overhead and duplication of 
work on the project in that two teams had to become familiar with 
the project and deliverables. These two teams also had to 
communicate with each other. To address this issue, TPI dropped 
the use of the tactical team, and instead scheduled time in the 
project sprints to integrate the deliveries from TC.  

4.3 Planning and Scheduling  
The Titan project comprised more than fifty TC competitions. 
These competitions involved a total of 695 contest days, with an 
average length of competition of just over 13 days.1 The shortest 
completion time for a competition was 4 days while the longest 
competition took 32 days to complete. As discussed above, TPI 
had structured the overall development of the Titan product into 
five phases. The average duration across these development 
phases is 80 days, with the longest development duration (90 
days) for the front-end HTML5 panels in the first phase, and the 
shortest development duration (69 days) for the final phase 
involving the low-end legacy and third-party arrays. Table 2 lists 
the duration of each phase, the number of competitions per phase, 
and the average length of a competition per phase. (Note that 
competitions overlap in practice, so that a phase’s duration is not 
                                                                    
1 These durations are calendar days and thus include weekend 

days. This is justifiable as the TC community tend to treat 
weekends as working days. If weekends are excluded, the total 
number of workdays is 548, the average is just under 10 
workdays, minimum of 3 workdays and a maximum of 23 days. 

merely the product of the number of competitions and their 
length). 

Figure 3 presents a Gantt diagram that shows the planning of all 
contests. The figure shows the dependencies between the various 
contests, which are of varying types (see Figure 1). For instance, 
assembly contests must be completed before any test suite 
contests can start. This dependency corresponds to a waterfall 
process. 
Some of the specific timings and the granularity of possible deci-
sions for TC development were somewhat problematic for TPI. 
For example, TC allows a customer five days to accept or reject a 
deliverable. According to the architect, this was often not long 
enough to analyze and fully test the deliverable, and it was 
difficult to get these reviews done in time internally. A further 
difficulty arose in that TC deliverables must be accepted as a 
whole, or rejected as a whole, with no middle ground. It would be 
better from TPI’s point of view if more flexible granularity was 
possible in that certain parts of deliverables could be accepted and 
partial payment made for these acceptable parts. Because TPI did 
not want to deter TC developers from bidding on future 
competitions, there was a tendency to accept code, even with 
some defects. There was an additional warranty period of 30 days, 
but integrating fixes under this warranty would pose considerable 
overhead in receiving, checking and integrating new code with an 
active code base which would more than likely have undergone 
significant further modification internally within TPI in the 
interim. Furthermore, when issues were escalated within the 30-
day warranty, the resolutions were generally not satisfactory to 
TPI. Overall, a single longer initial acceptance period of 15 days 
would probably be more beneficial to TPI than the two current 
periods of five and 30 days, respectively. Another issue related to 
planning and scheduling arose when TPI had to wait for a contest 
to finish, while the main application was evolving, causing 
possible integration issues. TPI’s schedule was also jeopardized 
by several contests failing due to a lack of submissions. These 
contests had to be rescheduled thus causing a delay in TPI’s 
schedule. When rescheduled, there was only a single submission 
in one case, despite more than 30 registrants indicating an interest.  

As already discussed, TPI perceived the need to run multiple 
competitions in parallel so as to shorten the development time, 
and therefore chose to run their development phases concurrently. 
However, this clearly had implications for coordination. For 
example, as can be seen in Figure 3, there were interdependencies 
between the products produced in the various development 
phases. This also led to duplication of functionality in the JSP and 
CSS code. 

Table 2. Contest Duration per Phase. 

Phase No. contests Avg. length Phase duration 

1 5 17.6 90 
2 10 14.5 80 
3 21 12.0 81 
4 8 13.1 80 
5 9 10.1 69 

4.4 Quality Assurance 
Much research in software engineering has focused on identifying 
and eliminating errors as early as possible in the development 
process, on the well established basis that errors cost 
exponentially more to rectify, the later they are found in the 
development cycle [11]. However, the structure of the TC 
development process made it difficult to preserve this, as it shifted 

!
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Phase 3 (B)

Phase 3 (A)

Figure 3. Gantt chart of TC contests. 

 

193

53	  contests	  

Planning	  &	  Scheduling	  

•  Several	  contests	  failed	  due	  to	  lack	  of	  
submissions	  
– 53	  contests	  overall	  but	  just	  84	  submissions	  	  

28	  

Table 3. Raised, Resolved, Outstanding and Awaiting Issues. 

Issue status Number 
Raised 506  
- Resolved - 367  
- Outstanding - 139  

 

QA issues towards the back-end of the development process, after 
coding has been completed. As the Development Manager 
expressed it:  

“Crowdsourcing focuses on requirements and relaxes the quality 
process at the onset of the project, so now all the emphasis on 
managing the quality comes at the QA cycles later in the project, 
and that tends to be more expensive 

The number of defects identified was quite significant. Table 3 
shows the number of issues raised, resolved and outstanding at the 
time of our study. While many issues were of a cosmetic nature, 
and therefore fairly trivial, the sheer volume of issues required 
considerable time and attention from developers within TPI. 
Furthermore, as more contests were finished and software 
delivered back to TPI, the rate of new issues was increasing as 
well. Figure 4 shows this trend over time, and suggests a growing 
pressure on TPI developers to address these issues.  

There was also a problem with lack of continuity. TC developers 
do not remain idle at the end of competitions, and may thus not be 
free to continue with TPI development in subsequent tasks. In 
fact, TPI experienced problems with bugs which had previously 
been identified being re-introduced to code after it went back for 
further development with TC. Partly this was due to how TC 
developers used the source code control tool. This added to the 
critical perception expressed by the Divisional CTO, when he 
contrasted it with the investment one would be prepared to make 
when using remote development teams for development, in 
describing crowdsourcing as being “a fleeting relationship.”  

Given that the combination of technical and specific domain 
expertise was considered by TPI to be quite rare (based on 
experience in recruiting developers), TPI took some initiatives to 
improve the quality of crowdsourced contributions. For example, 
a virtual machine with a sample core application was made 
available as an image that could easily be downloaded and run. 
This was used by the TC development community both in 
development and as a final test or demonstrator for code they 
developed. Prior to this, TC code testing was done with stubbed-
out service calls to the back-end, but there was a concern within 
TPI that TC code would not necessarily run smoothly when 
connected fully to the back-end. When the code for the initial 
HTML5 high-level panel applications was produced by TC, there 
were some quality issues, for instance, the same header was 
repeated in every file. TPI took this code and further developed it 

to a “Gold Standard,” at the level required by TPI. This was 
delivered back to the TC community as a template for future 
development. This tactic was extended to prepare sample code for 
a web application that could act as a template for the TC 
community. This included a parent project object model (build 
script), source code compliant with all TPI code standards, unit 
and integration tests, automation tests, and instructions for 
deployment and setup. 

4.5 Knowledge and Intellectual Property  
The “fleeting relationship” mentioned earlier also has 
consequences for knowledge management and IP. According to 
the architect involved in the project, the lack of depth in the 
relationship with contestants meant that:  

“there is a limited amount of carry-over knowledge. We will get a 
few contestants that will participate in multiple contests, but they 
won’t build up domain knowledge in the way that an internal 
person would.”  

Also, given that there is no single supplier as would be the case in 
a traditional outsourcing scenario, any intellectual property 
relating to specifications and product knowledge is more widely 
exposed simply by virtue of its being viewed by the ‘crowd’ of 
potential developers. Table 4 shows the total number of 
registrants, and the total number of submissions per contest type 
(see Figure 1). The table shows that there were considerable 
numbers of potential participants (each of whom would have 
access to the contest specifications), but that the number of 
submissions was significantly lower – almost 90% of those 
registered for a contest did not actually submit anything to that 
contest. In other words, making detailed product and specification 
information available, which is necessary to achieve the benefit of 
tapping into the crowd’s wisdom and creativity, seems (in this 
case) not to be as fruitful as one would hope given the limited 
numbers of submissions. 
TPI chose a pseudonym to disguise their participation on the TC 
platform. This was to obfuscate the fact that the work was for the 
TPI platform as it was felt that developers from competing 
organizations might be working for TC in their spare time. TPI 
took advantage of the standard Competition Confidentiality 
Agreement (CCA) which TC use with their development 
community. TPI will not do business with certain countries, for 
example, and this can be policed through the CCA which 
identifies the home location of TC developers. TPI were still 
concerned about the extent to which proprietary information may 
be exposed in TC competitions. To address this, TPI plan to 
identify the “Secret Sauce” which should not be shared without 
very careful consideration. This would include the source code for 
the flagship and legacy applications, libraries and binaries from 
other TPI business units, performance calculation formulae, 
hardware specifications and business rules (e.g., Drools). 
 

Table 4. Total number of registrants and submissions per 
contest type. 

Type  Registrants Submissions %Sub/Reg 
Copilot 13 6 46% 
Studio 34 7 21% 
Architecture 90 12 13% 
Assembly 476 36 8% 
Test Suite 8 1 13% 
UI Prototype 99 22 22% 
Total 720 84 12% 
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Figure 4. Trend of new issues raised (last 9 weeks). 
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Planning	  &	  Scheduling	  

•  TopCoder	  warranty	  periods	  unsuitable	  for	  TPI	  
– 5	  days	  to	  accept/reject	  contest	  deliverable	  

•  Cannot	  accept/reject	  part	  of	  deliverable	  
•  Tendency	  to	  accept	  so	  as	  not	  to	  deter	  contestants	  in	  
future	  

– Addi:onal	  30	  day	  warranty	  period	  
•  Fast	  changing	  code	  base	  –	  difficult	  to	  integrate	  fixes	  
with	  code	  that	  would	  have	  changed	  in	  interim	  	  

29	  

Quality	  Assurance	  

•  TC	  Waterfall	  approach	  pushes	  error	  
idenTficaTon	  later	  in	  development	  life-‐cycle	  

•  “Flee3ng	  rela3onship”	  	  
– Lack	  of	  developer	  con:nuity	  across	  contests	  –	  
recurrence	  of	  same	  bugs	  

– No	  domain	  knowledge	  built	  up	  by	  developers	  

•  Significant	  bug	  rate	  -‐	  506	  bug	  reports	  

30	  
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Knowledge	  and	  Intellectual	  Property	  

•  Knowledge	  of	  the	  Crowd	  
– Not	  much	  HTML5	  innova:on	  

	  
•  Intellectual	  Property	  

– Unknown	  workforce	  –	  may	  be	  compe:tors	  
•  720	  contestants	  saw	  specificaTons	  

31	  

Anatomy	  of	  
Cost	  per	  
Contest	  

32	  
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1st	  Prize	  
-‐  Suggested	  by	  Co-‐Pilot	  	  

-‐ Varied	  from	  $600	  to	  $2,400	  	  

$1,000	  
33	  

Total	  Cost	  
1st	  $1,000	  

Total	  Cost	  
1st	  $1,000	  
2nd	  $500	  

-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐	  
$1,500	  

	  

2nd	  Prize	  
50%	  of	  first	  prize:	  	  

$500	  
34	  
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Total	  Cost	  
1st	  $1,000	  
2nd	  $500	  

R.Bo.	  $200	  
-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐	  

$1,700	  
	  

Reliability	  
Bonus	  

Up	  to	  20%	  of	  first	  prize:	  	  

$200	  
35	  

Total	  Cost	  
1st	  $1,000	  
2nd	  $500	  

R.Bo.	  $200	  
DR	  $450	  

-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐	  
$2,150	  

	  

Digital	  Run	  
45%	  of	  first	  prize	  
1	  Point	  =	  $1.00	  

$450	  
36	  
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Total	  Cost	  
1st	  $1,000	  
2nd	  $500	  

R.Bo.	  $200	  
DR	  $450	  

Spec.R	  $50	  
-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐	  

$2,200	  
	  

Spec.	  Review	  	  

$50	  
37	  

Total	  Cost	  
1st	  $1,000	  
2nd	  $500	  

R.Bo.	  $200	  
DR	  $450	  

Spec.R	  $50	  
Rel.B.	  $800	  
-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐	  

$3,000	  
	  

Review	  
Board	  

$800	  
38	  
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Total	  Cost	  
1st	  $1,000	  
2nd	  $500	  

R.Bo.	  $200	  
DR	  $450	  

Spec.R	  $50	  
Rel.B.	  $800	  

CP	  $600	  
-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐	  

$3,600	  
	  

Co-‐Pilot	  Fees	  

$600	  
39	  

Total	  Cost	  
1st	  $1,000	  
2nd	  $500	  

R.bo.	  $200	  
DR	  $450	  

Spec.R	  $50	  
Rel.B.	  $800	  

CP	  $600	  
-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐
Subtotal	  $3,600	  
TC	  mul:plier	  x	  2	  
-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐	  

Price	  of	  1	  
contest:	  $7,200	  

	  

TopCoder	  
Commission	  

=	  total	  of	  	  
above	  

40	  



31/01/15	  

21	  
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Total	  Cost	  
1st	  $1,000	  
2nd	  $500	  

R.bo.	  $200	  
DR	  $450	  

Spec.R	  $50	  
Rel.B.	  $800	  

CP	  $600	  
-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐
Subtotal	  $3,600	  
TC	  mul:plier	  x	  2	  
-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐	  

Price	  of	  1	  
contest:	  $7,200	  

	  

PlaWorm	  “Cockpit”	  Fees	  
for	  TPI:	  	  

	  

$30,000	  
per	  month*	  

	  
*	  Varies	  per	  customer	  –	  as	  low	  as	  $3,000	  

per	  ‘cockpit	  seat’	  
	  

Actual	  Cost,	  Time	  and	  Quality	  Results	  

•  Cost:	  $650,000	  
– Plus	  extra	  internal	  overhead	  in	  preparing	  specs	  
and	  coordina:on	  effort	  

•  Time:	  215	  calendar	  days	  (695	  contest	  days)	  

•  Quality:	  506	  bug	  issues	  
	  

42	  
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Wisdom	  of	  Previous	  Crowds	  

43	  

Prior	  ‘Academic’	  Crowd	  
Cost	  (US$)	   $211,000	  
Time	   145	  days	  
Quality	  (#	  bugs)	   96	  

Prior	  ‘PracTToner’	  Crowd	  

Cost	  (US$)	   $378,000	  

Time	   174	  days	  

Quality	  (#	  bugs)	   158	  

Thank	  You!	  
	  
	  

•  Coordina:on/quality	  issues	  of	  reconciling	  waterfall	  and	  
agile.	  

•  Flee:ng	  rela:onship	  with	  workers:	  repe::on	  of	  bugs,	  	  
no	  domain	  knowledge	  acquisi:on	  

•  High	  degree	  of	  overhead	  and	  duplica:on	  of	  work	  roles.	  
	  
•  The	  ‘Crowd’	  may	  be	  very	  small	  indeed.	  

Key	  Take-‐Away	  Points	  

44	  


