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“Our civilization runs on software.”
̶ Bjarne Stroustrup
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“Software development is a human 
centric activity, which makes 

developers the most important asset
of software companies.”

DeMarco, T. and Lister, T. (1999). Peopleware: 
Productive Projects and Teams.
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“Our [Facebook’s] policy is literally to hire as 
many talented engineers as we can find.”

̶ Mark Zuckerberg

“Hiring well is the most important thing in 
the universe.”

̶ Valve Corporation
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Where do we find the 
right people?
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How do we choose the 
right people?
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The Literature 
Perspective

Right people: The ones that 

better align with the project
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Our proposal is…

To investigate methods and techniques to effectively 

identify technical skills of software developers

13



Our goals

➢ Understand which skills and abilities are more required by IT companies 

when looking for new professionals.

➢ Investigate methods and techniques to identify expertise elements in a 

deep perspective (3rd party libraries).

➢ Investigate methods and techniques to identify expertise elements in a 

broad perspective (technical roles).
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What Skills do IT 

Companies look for in 

New Developers?
???

???
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What kind of skills are the 
industry interested in?
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What we expect 
from you
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Soft Skills
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Soft SkillsTechnical Skills
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Our study: Technical Skills

20,968
Job posted in 2019

14
pre-defined roles

67K
Technical skills 

occurrences

6
High level 

technical skills

(282)
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Our study: Soft Skills

376
Opportunities 

randomly selected

3
Researchers manually 
annotated sentences

1,530
Sentences annotated
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Takeaway

➢ Developer-based positions do require expertise in 3rd

party components

➢ Programming languages skills are needed across all roles

➢ Soft skills: teamwork and communication do matter!
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Identifying Experts in Software 

Libraries and Frameworks 

among GitHub Users Libs & 
frameworks

???
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Software development 

increasingly relies on 

3rd party software 

components
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Search interest for 
“npm” overtime
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Investigate data-driven methods to identify developers’ 

expertise level on 3rd party libraries
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H =
When maintaining a piece of code, developers gain 

expertise on frameworks and libraries
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o RQ.1: How accurate are [supervised] machine learning 

classifiers when used to identify library experts?

o RQ.2: Which features best distinguish library experts?
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Our Ground-Truth
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Library Description #Dev.

ReactJS Fronted library used to build user 
interfaces

8,742

MongoDB Official JavaScript driver for MongoDB 454

socket.io Real-time communication library 608



Our Ground-Truth

Could you please rank your expertise on [target library] 

in a scale from 1 (novice) to 5 (expert)?
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ReactJS MongoDB socket.io

2,185
mails

418
answers

454
mails

68
answers

608
mails

89
answers

19% 15% 15%
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Dimension Description Features

Volume Amount of code written by 
developer using the library

Frequency Amount of time a developer 
has used the library

Breadth Quantify the situations the 
library was used
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RQ.1 RQ.2

Random Forest & SVM

❖ 3 classes: All three libraries
❖ 5 classes: ReactJS

KMeans

❖ 3 classes: ReactJS & MongoDB
❖ 5 classes: socket.io
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RQ.1 RQ.2

Random Forest & SVM

❖ 3 classes: All three
❖ 5 classes: ReactJS

KMeans

❖ 3 classes: ReactJS & MongoDB
❖ 5 classes: socket.io

In this presentation, 
we will focus here
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RQ.2
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RQ.2
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LinkedIn Triangulation

2,129 ReactJS developers

263 
experts

43



LinkedIn Triangulation

2,129 ReactJS developers

263 
experts

160 LinkedIn profiles
44



LinkedIn Triangulation

2,129 ReactJS developers

72%
Explicitly

Mentioned 
ReactJS

263 
experts

160 LinkedIn profiles
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Takeaway

➢ Exploratory analysis can identify groups of experts based 

on the selected features

➢ We found clusters dominated by experts 
(   Experts           Novices)
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Mining The Technical 

Roles of GitHub Users

Tech roles

Libs & 
frameworks
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The Surgical 

Team

“Mills proposes that each segment of a large job be 

tackled by a team, but that the team be 

organized like a surgical team […]”
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Technical roles are one of the first information 

used by companies when hiring new developers
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Identify the technical roles played by developers using 

information available in OSS platforms.
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H =
The technologies that developers master define 

their technical roles
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o RQ.1: How accurate are ML classifiers on identifying developers’ 

technical roles?

o RQ.2: What are the most relevant features to distinguish 

technical roles?

o RQ.3: Do technical roles influence each other during 

classification?

o RQ.4: How effectively can we identify full-stack developers? 52
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Our Ground Truth

1. Selected developers from Stack 

Overflow with GitHub profiles

2. Filtered the ones self-ascribed in the 

following roles: Backend, Frontend, 

DevOps, DataScience, Mobile, and

FullStack*.

54
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Our Ground Truth

● Selected developers from Stack 

Overflow with GitHub profiles
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DevOps, DataScience, and Mobile.
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Our Feature Set

Programming Language

Short Bio

Projects’ names, topics & 

descriptions

3rd party dependencies
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(RQ.1 & RQ.4) How accurate are ML classifiers in identifying technical 
roles?

Role Precision Recall F1

FullStack* 0.99 0.71 0.83

Backend 0.87 0.63 0.73

Frontend 0.86 0.89 0.87

Mobile 0.80 0.34 0.47

DevOps 0.75 0.06 0.11

DataScience 0.86 0.62 0.71

Overall 0.88 0.69 0.77

0.89
AUC
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(RQ.2) What are the 
most relevant 

features?

59



(RQ.2) What are the 
most relevant 

features?
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Takeaway

➢ We show that it is possible to identify major technical roles 

from developers

➢ Features associated to PLs are relevant for all roles
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Conclusions & 

Future Work

Tech roles

Libs & 
frameworks
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We extensively analyzed data-driven methods and 

techniques to leverage software developers’ profiles

In this thesis…

63



We extensively analyzed data-driven methods and 

techniques to leverage software developers’ profiles

In this thesis…

64



We extensively analyzed data-driven methods and 

techniques to leverage software developers’ profiles

In this thesis…

65



We extensively analyzed data-driven methods and 

techniques to leverage software developers’ profiles

In this thesis…

66



Our Contributions

✓ A map of technical and soft skills more required by the IT industry

✓ Ground truth with expertise information of 575 developers

✓ A method based on low-level data to identify specific expertise 

information (libs & frameworks)

✓ A method based on coarse-grained features to detect general expertise 

elements (technical roles)
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Future Work

1. Expand soft skills analysis

2. Study technical expertise in PLs

3. 3rd party libs in other ecosystems
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“Expertise then refers to the characteristics, skills, and 
knowledge that distinguish experts from novices and 

less experienced people.”

The Cambridge Handbook of Expertise and Expert Performance, K. A. Ericsson, 2012

The Importance of Expertise
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Towards a Theory of Software Development Expertise, Baltes and Diehl, 2018
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Towards a Theory of Software Development Expertise, Baltes and Diehl, 2018
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Towards a Theory of Software Development Expertise, Baltes and Diehl, 2018
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215 
jobs

372 
jobs

135 
jobs

Out of 1,839 job offers…

722 (39%)
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0.99

0.94

0.93

0.88

0.72

0.46

-0.84

1

0.87

0.71

0.61

0.61

0.54

0.41

-0.7

-0.71

ReactJS MongoDB
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(RQ.1) How accurate are ML classifiers in identifying technical roles?

Role Precision Recall F1

Backend 0.62 0.12 0.18

Frontend 0.77 0.78 0.77

Mobile 0.78 0.38 0.51

DevOps 0.70 0.13 0.20

DataScience 0.86 0.66 0.74

Overall 0.77 0.49 0.59

0.71

Random Forest

AUC
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(RQ.4) The FullStack Dataset

“Being a Full-Stack developer […] 

means that you are able to 

work on both sides”

2,284
FullStack dataset

+783
Backend + Frontend

developers
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(RQ.4) How effectively can we identify full-stack developers?

Role Precision Recall F1

FullStack 0.99 0.71 0.83

Backend 0.87
(+0.25)

0.63
(+0.51)

0.73
(+0.55)

Frontend 0.86
(+0.09)

0.89
(+0.11)

0.87
(+0.10)

Mobile 0.80
(+0.03)

0.34
(-0.04)

0.47
(-0.04)

DevOps 0.75
(+0.05)

0.06
(-0.07)

0.11
(-0.09)

DataScience 0.86
(0.00)

0.62
(-0.04)

0.71
(-0.03)

Overall 0.88
(+0.11)

0.69
(+0.20)

0.77
(+0.18)

0.89(+0.18)

AUC
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