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Abstract—There is an indisputable industrial need for highly
skilled individuals in the role of blockchain engineers. However,
little is known about the typology of activities which fall under
the blockchain engineers’ responsibilities and the competencies
and experiences sought from employers’ perspectives. To shed
light about the main characteristics of the new roles available in
the market, we built and analyzed a dataset of 400 job ads related
to software blockchain engineering and development roles in the
U.S.. We performed a thorough analysis conducted to find the
industrial demand for competencies related to the blockchain
engineer role in terms of (i) level of education, training, and
experience; (ii) blockchain-related development skills; (iii) tech-
nical skills; and (iv) soft-skills. Relevant correlated skills that may
influence shaping the profile of the blockchain engineers were also
analyzed. We conclude that a new ‘“blockchain engineer” role is
shaping up, and that specific skills, educational background, and
experience are requested from the job market.

Index Terms—Dblockchain, Industry practices, Survey, job ad,
blockchain engineer, Exploratory Study.

I. INTRODUCTION

The blockchain technology’s transformative capabilities
have been rapidly recognized as a turning point in many
use case scenarios beyond the financial sector. This emerging
technology’s impetus is now being utilized in multiple ways,
from global payments to music sharing to managing healthcare
records and even tracking diamond sales [1]-[3]. A 2018 study
reported 3,000 blockchain software projects hosted on Github
in March 2018 [4]. A similar search we conducted on Github
in January 2021 yielded around 77,000 projects. The World
Economic Forum estimates 10% of the global GDP to be
stored using blockchain by 2027. Gartner, estimated invest-
ment decisions worth $3.1 trillion in blockchain technology
projected by 2030 [5].

In synchronous with the growing sphere of blockchain,
numerous data points testify the increasing demand for
blockchain developers, and engineers [6]. Glassdoor, a job
review site, found 1,775 blockchain-related job openings in
the U.S. in 2018 which is an increase of 300 percent compared
to one year earlier [7]. As of December 2020 a search that we
conducted for the job title “blockchain engineer” in the U.S.
retrieved 4,220 results on LinkedIn. The skyrocketing demand
for blockchain-related jobs has also translated into a significant
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salary bump. According to Glassdoor [7], the median salary
for a blockchain-related job opening is 61.8 percent above the
U.S. median salary. The average salary for blockchain jobs is
approximately 1.3 times higher than the standard salary for
software engineers, according to global statistics provided by
Hired.com [8]. Salaries for blockchain engineers are on par
with specialists focused on artificial intelligence.

Unlike traditional software development, blockchain engi-
neers need to secure an immutable and decentralized database
hosted on distributed nodes connected through a peer-to-peer
network without a pre-existing trust relationship [9]. The sig-
nificant differences between blockchain-oriented development
and traditional software development motivated the blockchain
community to propose a new development paradigm named
Blockchain-Oriented Software Engineering (BOSE) [10], [11].
Conversely, despite the increasing popularity of “blockchain
engineer” as an emerging role, there is still a significant
incongruity regarding the perceptions of this role, responsi-
bilities, and required competencies in the marketplace. The
scarcity of tools, patterns and resources, unavoidable for a new
technology, also poses a challenge for this role. Consequently,
looking into the existing landscape of the job profiling for
“blockchain engineer” becomes of significant importance. The
study described in this paper aims to scrutinize the state-of-the-
practice of blockchain engineer roles in the U.S. job market.

For this research, we collected 400 job ads related to
blockchain engineer role in the U.S.. Scholars in software
engineering research and sociology treat job postings as an
artefact to analyze the area of occupational research. This is
because the job postings are contended to be representations
of occupations and carry occupational terminology, making
them occupational artefacts [12]. Typical information which
can be found in a job advert includes position, essential
duties, required skills and competencies, experience, and ed-
ucation/training/certificate/security clearances.

Accordingly, we analyzed the collected data from the 400
job postings to find the industrial demand for competencies for
the blockchain engineer role in terms of (i) Level of education,
training, and experience; (ii) Blockchain-related skills; (iii)
Other technical skills; and (iv) Soft-skills. We also examined
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whether any correlated skills may influence shaping the profile
of the blockchain engineer role.

The remainder of this paper is structured as follows. In
Section 2 we present research questions and describe the
research process. Section 3 explains our results. Section 4
provides a discussion on the implications of the findings on
research, practice, and teaching, while Section 5 discusses the
validity of the results. Finally, Section 6 provides a conclusion.

II. METHODOLOGY

The emerging term “blockchain engineer” is frequently used
in relation to a role with responsibilities of either building
applications using blockchain technology, and (or) developing
the blockchain technology itself and the elements which inter-
act with it (e.g., new consensus algorithms, smart contracts,
or digital currencies).

In this paper, we make a distinction between a “position”
and “role”. While the two may functionally overlap, there are
differences [13]. The position has a title that the employer uses
to describe an employee, while a role, on the other hand, is the
actual function an employee fills within an organization. In this
study, we used a collection of publicly available job postings
from employers searching for talents to fill positions that
include blockchain engineer “roles”. These job posts had the
“position” titles and included a list of qualifications and skills
that the employers deemed important to fill these positions.

This research aims to investigate the landscape of the
blockchain engineer role in the U.S. job market, and we aimed
at answering the following four research questions (RQs):

« RQI1: What “position” titles are posted for blockchain
engineer “roles” in the U.S. job market?

« RQ2: What type of companies are hiring for blockchain
engineer “roles” in the U.S. job market?

« RQ3: What skills (blockchain-related, technical, and soft)
do blockchain engineers need to possess to match the job
demand? Are there correlated skills?

« RQ4: What educational attainment (e.g. degree and/or
certification) and experience level requirements do em-
ployers request for blockchain engineers?

A data collection strategy based on job posts is appropriate
for the context when the qualitative data is publicly available
to analyze, and when a researcher needs to establish a balance
between the study execution effort on one hand and breadth
and depth of the study on the other hand [14], [15]. To analyze
the state-of-the-practice of blockchain engineer roles in the
U.S., we utilized one of the most popular jobs search tools
“LinkedIn”. According to Alexa Ranking by Amazon and
other sources (e.g., [16]), “LinkedIn” is the most significant
engine among its competitors in terms of the traffic volume
and the number of jobs posted.

We used a systematic data collection process as defined by
Petersen et al. [17], which included the following steps:

1) The search string used for this review was defined as

(“blockchain engineer”). One of the job search engine
amenities includes interpreting the search string, which

2

This article has been accepted for publication in a future proceedings of this conference, but has not been fully edited. Content may change prior to final publication. Citation information: DOI:
10.1109/WETSEB52558.2021.00014, 2021 IEEE/ACM 4th International Workshop on Emerging Trends in Software Engineering for Blockchain (WETSEB)

TABLE I
EXTRACTED INFORMATION FROM THE JOB POSTS.

What we extracted Relevant RQ

General Information

1. Position title RQI1
2. Position level RQI
3. Position posted date RQ1
4. Suggested Salary RQ1
5. Company name RQ2
6. Company domain of business RQ2
7. Position location RQ2
8. Blockchain application the company develops RQ2
Competencies
9. Blockchain-related competencies RQ3
10. Programming languages competencies RQ3
11. Database management systems competencies RQ3
12. Development platforms and frameworks competencies RQ3
13. Other Technical competencies RQ3
14. Soft-skills competencies RQ3
15. Educational attainment RQ4
16. Certifications RQ4
17. Minimum years of industrial experiences RQ4

results in a range of relevant jobs related to the search
term. Accordingly, we obtained a wide range of po-
sition titles using the defined search string, including:
Blockchain Developer, Blockchain Platform Architect,
Web Developer Blockchain, Tech Lead, Java developer,
etc. We performed the search using the above string for
each of the 50 States.

We initially assessed each retrieved job post based on
the following inclusion criteria: (a) the job post had
blockchain development as one of its core tasks; (b) the
job post included details of the demanded specific skills
set; and (c) the job post assumes a full-time position.
We used these criteria on the text of the entire post (e.g.
job title, and descriptions of the responsibilities, tasks,
skill set, education, and experience).

The first eight job ads that met the inclusion criteria
from each search (per state) were included in the final
set.

2)

3)

We executed the selection process between July and August
2020, and 400 job ads from 50 states were retained in the
final set for quantitative coding, analysis, and synthesis for
this paper.

To answer the research questions, 17 items of information
were extracted from each of the final 400 job postings included
in this study, as shown in Table 1. A survey form was built
using the “Qualtrics XM Platform” to store the extracted data.
The online form is available at the link http://bit.ly/35BiVd7.

Because the job posts detail the tasks and responsibil-
ities, we applied qualitative coding techniques to the text
descriptions related to competencies and tasks. Drawing upon
Saldana’s qualitative data coding process [18], the analysis of
each post granularly distinguished between tasks and com-
petencies, and among the different types of competencies
(blockchain-specific, technical, and soft-skills).

To analyze the competencies, we executed a free-text anal-
ysis that looks at the frequency of terms to determine the
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relevant data regarding specific job demands. For the free-
text analysis, we used the “Text-iQ” feature provided by
“Qualtrics”.

For the quantitative assessment, we used “Stats iQ”, which
is supplied with the “Qualtrics platform”. This feature per-
forms a statistical analysis of the extracted data numerical
parameters and resulted in the percentage of job posts that
advertised each category of responsibilities and competen-
cies. The extracted data file is available online at the link
https://bit.ly/3eucYDY.

This study aimed to discover the existence of patterns and
themes from the subcategories of skills advertised in the posts.
A strong correlation of skills emerging from the analysis
would indicate the presence of particular blockchain engineer
profiles that employers are looking for. Conversely, a lack
of this type of pattern would indicate no clear blockchain
engineer profiles from the job market. To perform this analysis,
we reviewed all of the subcategories of skills in the job posts
and constructed cross-tables using the “Crosstabs” feature
from Qualtrics.

III. FINDINGS
A. Answers to RQI: Job Profiles for Blockchain Engineers

At first glance, we can observe the diversity in position
titles used to describe a blockchain development role. Around
41.5% of the posts were advertised as “engineer” positions,
while 36.5% were advertised as “developer” positions, 8.8%
as “architect” and 1.3% as “consultant”. Additionally, some
titles (8%) used particular programming languages names to
define the position (e.g., Java developer, or Python developer).
Only in 25.8% of the advertised positions, the “blockchain”
keyword was used in the title.

The majority of the positions (53.5%) were advertised as
senior or lead positions, which indicates the demand of level
of experience for these positions (see table 2). In contrast, 34%
were advertised as junior positions, and the remaining posts
didn’t specify the seniority level of the role. Only a small
portion of the overall sample indicated whether it is for front-
end development (4.1%), back-end development (3.6%), or a
full-stack development (8.6%).

TABLE II
DISTRIBUTION OF THE 400 JOBS TITLES PER CATEGORY AND SENIORITY
LEVELS.
Ent Senior Not
Levre}i Level Lead Specified Total
Engineer 55 50 38 23 166 (41.5%)
Developer 58 47 22 19 146 (36.5%)
Architect 3 10 14 8 35 (8.75%)
Analyst 5 0 1 0 6 (1.5%)
Consultant 0 1 4 0 5 (1.25%)
Other Roles 15 12 15 0 42 (10.5%)
Total 136 120 94 50 400 (100%)

Seventy-Five positions listed the salary. The vast majority
of these positions had an annual salary range between 70,000
and 90,0008.
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B. Answers to RQ2: Hiring Companies Profiles

Note that among the 400 job posts, the majority (56.9%)
came from companies with the main business domain directly
related to Information Technology (IT). Nevertheless, a wide
range of business domains is still reflected in the extracted
set (see Figure 1), such as finance, health, consultancy and
logistics, and defence.

IT . 57.0%
Financial Services IEEG—— 14.7%
. 8.3%
N 4.3%

N 3.5%

Employment Services
Consulting Firms
Healthcare

mm 2.8%
m 1.7%
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Gaming
Education
Research 1 0.7%
I 0.5%

I 0.2%
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Energy
40% 50% 60%

0% 10% 20% 30%

Fig. 1. Distributions of Extracted Ads Across Business Domains.

Apart from enterprises and established businesses,
blockchain is of interest to small companies and startups.
This is evidenced by the fact that more than half of the job
ads from the analyzed sample belong to employers with small
to medium sizes (<200 employees) (see Figure 2).

Only 9.1% of the overall sample revealed the blockchain
application that the company develops, and only for the 6.8%
of the ads, the developed application was cryptocurrency-
related.

5001 to 10000
4%

11to 50|

1001 to 5000
- 25% -
’501 t;%lOOO =
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14% 19%

Fig. 2. Distributions of Extracted Ads Across Companies Sizes.

C. Answers to RQ3: Required competencies

After analyzing the job description and required tasks in
each job post, we mapped these features to the related com-
petencies needed for the jobs. Most employers ask blockchain
engineers for a wide span of technical skills that are not
specialized in narrow aspects. These skills vary from project
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management, development tools and frameworks, program-
ming languages, integration skills, and many more.

1) Required Competencies in Blockchain: There were 161
of the extracted ads (40.5% of the overall sample) that
explicitly asked for working knowledge of blockchain de-
velopment. We further analyzed this particular subsample
to explore the various blockchain-related competencies that
are of interest to employers. The most demand is by far
for expertise in cryptocurrencies platforms with 93.2% of
ads from this subsample asking for familiarity with one or
more cryptocurrencies platforms. Experience with Ether and
Ethereum come in the first place (36.6% of this subsample).
Ethereum is a decentralized, open-source blockchain featuring
smart contract functionality. Ether is the native cryptocurrency
of the platform. Competency in the Bitcoin platform came at
a second-place (14.9%), and Ripple at third place (4.3%).

The second-highest demand for blockchain-related compe-
tencies was for smart contracts (31.6%). A smart contract that
is stored on the blockchain can serve as a set of rules that
oversee a business transaction and is executed automatically
as part of a transaction. Solidity was of particular interest to
16.1% of this subsample. It is an object-oriented programming
language for writing smart contracts. It is used for imple-
menting smart contracts on various blockchain platforms, most
notably, Ethereum.

The third highest demand was for “Hyperledger” (22.4%)
which is an open-source community focused on developing a
suite of frameworks, tools, and libraries for enterprise-grade
blockchain deployments. The most popular hyperledger in
this study was “Fabric” (11.2%). Competency in consensus
algorithms came at fourth place with 8%.

2) Required Technical Skills: Besides blockchain compe-
tencies, the data indicates that employers are mostly inter-
ested in professionals with a grip on the entire development
process. About 28.9% of the overall employers ask blockchain
experts to have working skills related to software design and
architecture, and about 14.7% ask for testing skills. There was
less demand for skills related to requirements engineering. The
majority of the employers (76.2%) require some programming
skills, which implies a clear demand for professionals with
programming and scripting capabilities. Our results show
that Java takes first place with 34.5% of the overall ads
ask for it. The second most demanded skill in development
languages is JavaScript (30.8%). Third in line is having a
Python competency with (27%), while C++ comes in fourth
place (20.2%). Table 3 shows that most of the demand is for
programming languages.

Thirty Percent of the ads ask for competency in one or more
database management systems (Table 3). MongoDB took first
place (11.8%) and followed closely by Microsoft SQL Server
(11.3%).

Moving our attention to software development tools and
frameworks (Table 4), we note some demand for tools sup-
porting cloud computing, continuous integration, build man-
agement, and source control management. These tools are
not tailored solely for developers but are part of operating
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TABLE III
DEMANDS FOR TECHNICAL SKILLS

Software Development Phases

Requirements Engineering 2.3%
Software Architecture and Design ~ 28.9%
Programming 76.2%
Software Testing 14.7%
Programming Languages
Java 34.5%
JavaScript 30.8%
Python 27.0%
C++ 20.2%
Go 19.0%
SQL 16.3%
C 11.8%
HTML 11.1%
CSS 8.1%
TypeScript 7.3%
C 5.9%
Solidity 5.4%
Rust 5.2%
Ruby 4.5%
Scala 4.1%
Database Management Systems
MongoDB 11.8%
Microsoft SQL Server 11.3%
Oracle RDBMS 10.4%
PostgresSQL 6.8%
MySQL 6.6%

a continuous integration model [19], common in Agile and
used across multiple roles. The demand level is not high,
though, and an explanation for it might be that these tools are
easy to operate for standard usage; therefore, specific skills
are unnecessary.

About 15.7% of employers are interested in experts with
specialized knowledge in cryptography. We also looked at the
experience demand for other disruptive technologies. Knowl-
edge of Big Data was requested by the 10.4% of employers.
Both Artificial Intelligence and Machine Learning had the
same level of demand (6.6% of employers), and only a smaller
fraction (2.8%) ask for experience in the Internet of Things.

3) Required Soft skills: In our analysis for soft skills in
each ad, we executed textual analysis on the job description
(as described in Section 2), and then we mapped each advert
to one or more soft skills defined in the Soft Skills Taxonomy
[20] (see table 5).

In their Evaluation for the Demand for Soft Skills in
software development [21], Ahmed et al. analysis revealed that
the software industry was not paying much attention to critical
soft skills for software developers. Our study shows that about
31.3% of the ads asked for at least one soft skill.

Communication skills comprising presentation skills, read-
ing communication, speaking communication, and writing
communication are among the most demanded by employers
(See table 5)
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TABLE IV
DEMANDS FOR PLATFORMS AND FRAMEWORKS
AWS Cloud computing Service 21.8%
Nodejs JavaScript runtime environment 20.4%
React JavaScript library 19.3%
Angular Web application framework 15.9%
Docker Building distributing applications platform  15.6%
GitHub Development platform 12.2%
Kubernetes Open-source system for automating 11.3%
computer application deployment
Azure Cloud computing service 10.2%
Google Cloud Cloud computing service 8.8%
Spring Control container for the Java platform 5.6%
Hibernate Object-relational mapping tool 4.4%
for the Java programming language
Kafka platform for real-time data feeds 2.7%
JIRA Test management, bug tracking 1.6%
TABLE V D. Answers to R4: Education attainment and certifications
DISTRIBUTION OF SOFT SKILLS The highest number of job posts (48.8%) ask for completed
Listening communication, bachelor degrees as a minimum educational requirement. Only
Communications presentation skills, (3.5%) ask for the completion of a master’s degree or a Ph.D.
Skills reading communication, 26.1% While the 47.7% d if d .
speaking communication, 1le t € /- o does not specity any degree requirements.
and writing communication Certifications are a common way to complement a degree.
An‘dlyﬁc“‘ll tfﬁ%ni%ng» However, the industrial demand for certifications is low when
g conceptua thin ng, .
WorkPI;ll:iell;hlnklng critical thinking, 49% f:ompar(.aq to a classic undergraduau.e or gradu.ate d.egree. One
decision or problem solving, in ten hiring employers asks for particular certifications. When
reasoning we scanned these ads thoroughly, we observed that 25% of
. Coaching, collaboration, . . . . .
Teamwork and Collaboration cooperative ability 3.8% these mentioned AWS certification making it the most popular
skills work with others (e.g., AWS Solutions, AWS Architect Associate, AWS Cloud
o Accurate self-assessment, Practitioner, AWS Developer Associate).
Self Tlt(eiﬂigence pofgll;fzo?ggide’ 1.7% Only about 15% of the ads requiring any certification
ge]f,managem’ent referred to any blockchain certification as a requirement.
~ goal management, Conversely, despite the low demand for blockchain certifi-
Planning and organizing mformat:igﬂ’;i"gagemem’ 8% cates, it would be expected that demand will increase in
. 8% . . .
skills strategic planning, this area as the demand for blockchain engineers keeps on
time management increasing. Blockchain training programs have been increasing
. Achievement, creativity, recently and are now being offered by some of the nation’s
‘Workplace productivity enterprise skills, 0.29% . . . . - .
skills life-long learning, -2% leading universities, including MIT, Princeton, and Stanford.
outcome oriented Many blockchain vendors such as Consensys, Blockapps, the
Workplace professionalism Commitment, Ethereum Foundation, and Hyperledger also provide training
skills common sense, 0.7% d ifi
professionalism programs and certificates.
Conflict resolution Conflict management, 0.2% The demand for an Oracle certification came in third place
and negotiation mediation, negotiation S at 12.5% of this subsample.
Work und . ..
porzs;]rrleer 73.8% of the overall posts listed a minimum of years
Stress management accepting criticism, 0.9% of experience as a requirement, making it one of the most
. (2

skills adaptability, adversity, demanded requirements among all. The average number for

change catalyst, .. . .
change management, the minimum years of experience from all posts is 4.8 years.

. Awareness of ethical values,
Workpsl]?ic‘ilesethlcs honesty, integrity, 0.2% IV. DISCUSSIONS
transparency, trustworthiness Blockchain is not only about cryptocurrencies anymore, but

it is becoming a pervasive established technology shaping new
professional roles, jobs, and new fields of research. Porru

Workplace thinking skills (e.g., Analytical thinking, concep- et al. [22] highlighted the need for specific practices related

tual thinking, critical thinking, decision making, decisiveness, ~ to Blockchain oriented Software Engineering and identified
problem-solving, reasoning) come in second place with 4.9%  the most relevant BOSE challenges, and issues originate
of the ads are asking for at least one skill in this category. ~ from them, advocating the need of specific skills for new
Teamwork and Collaboration skills come third with 3.8%. professional roles related to Blockchain technologies.
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In this study, we focused our attention toward this new pro-
fessional roles, by empirically researching and summarising
the primary skills the job market is requesting to the experts in
the field. We collected data from 400 job postings in the U.S.
to better understand the industrial demand for competencies
in terms of the level of education, training, and experience;
blockchain-related skills; other technical skills; and soft-skills.

The findings observed that the “blockchain engineer”
is being shaped as a distinct role which involves several
blockchain-related, technical, and soft skills competencies.

Some of the notable observations from analyzing the find-
ings include:

1) There is a high demand for blockchain professionals
with competency in the whole development process,
including software design and architecture. Program-
ming skills are fundamental and required for the role
of blockchain engineer.

Despite being one of the most obvious responsibilities of
a blockchain engineer job, fewer job postings explicitly
include required experience in blockchain development
itself than experiences in programming in general. This
is probably because, being the field still new, companies
are trying to hire traditional software engineers and then
convert them into blockchain engineers along the way.
The technical experience is valued more than domain-
specific knowledge. For example, even though the
blockchain is the essence of the infrastructure underlying
cryptocurrencies, only 7.5% of the posts require domain
knowledge in finance or fintech. This is probably be-
cause the technological aspects, at this stage, are still
predominant and there is a need for building infrastruc-
ture which will then require a finance background.
Previous experience plays an essential role during the
hiring process for a blockchain engineer role and more
than the academic degrees and certificates. This is
probably due to the (not new) slow-response of the
academic world to the market needs. The lack of dedi-
cated educational paths in the blockchain field and the
difficulties in shaping a new area of study given the
speed these new technologies are growing force the
companies interested in these new professional figures
to bend towards preferring experience instead of a not
specific educational background.

Even with low demand for formal education or cer-
tification in blockchain from the current job market,
this demand is likely to increase soon. Research into
the educational implications of blockchain is moving
rapidly, and several universities have started to offer
courses about blockchain [23]. However, it is crucial for
academia to intercept the markets’ needs and quickly fill
the currently existing gaps.

Even though a small fraction of the overall posts re-
vealed the blockchain platform that the company devel-
ops, we can translate the high demand for competency in
cryptocurrency platforms into the assumption that cryp-
tocurrency development still dominates the landscape of

2)

3)

4)

5)

6)
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blockchain engineering.

The results of this study indicate that blockchain engineers
need to master a wide range of competencies. Our analysis can
be used by candidates looking to pursue a technical career in
this disruptive technology.

Besides potential engineers, employers can use this study
to calibrate their requests for blockchain-related positions
when advertising. This study can serve as a mapping tool
for employers to identify a spectrum of local teams’ skills
and compare these with what is currently in demand in the
industry. This mapping can influence the implementation of
any necessary training for existing personnel.

Finally, the findings from this study can help improve post-
secondary or continuing education courses in the blockchain
area. For example, based on this research’s findings, faculty
designing and teaching software Engineering programs or
corporate blockchain courses should ensure that their courses
offer enough coverage of cryptocurrencies and distributed
networks.

V. THREATS TO VALIDITY

The research process used and the results found in this study
were compared with various applicable internal, external,
conclusion, and construct validity threats as defined in [24].

A potential internal threat is related to selection bias which
refers to the “distortion of statistical analysis owing to the
criteria used to select the publications” [24]. A multistage
process was used to address this, and inclusion criteria were
defined in Section 2 to select job ads exclusively relevant to
the study. “LinkedIn” is the most popular job search engine
in the U.S.; hence, its selection is not biased. The selection
of the search keywords “Blockchain Engineer” to form the
search string didn’t limit the scope of the search results as the
engine interprets the search string and gives relevant results
for a range of job posts related to the search terms.

A potential external threat could be related to the “interac-
tion of history and treatment which is the effect of that the data
collection is conducted on a special time or day which affects
the results” [24]. For this work’s purpose, the data extraction
spanned over two months period (July and August 2020)
which minimizes the effect of this threat. Another potential
external threat is related to the “interaction of selection and
treatment which is an effect of having a subject population,
not representative of the population we want to generalize to”.
Our sample data includes job ads from the 50 states where
each state is represented with the first eight job ads that were
returned from the search and met the inclusion criteria.

Inaccuracy in data extraction and misclassification refer to
“the possibility that information is extracted and interpreted
differently by different reviewers” [25]. The full text of each
extracted job post was reviewed thoroughly by at least two of
the researchers to address this threat. To review the agreements
and disagreements raised in the assessments, we conducted
researcher consensus meetings during the data evaluation and
analysis process. We used existing published taxonomies to
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map certain aspects of the results to reduce the misclassifica-
tion as in the case of mapping the soft skills.

Threats to conclusion validity (e.g. the concern that the
“ability to draw the correct conclusion about relations between
the treatment and the outcome of an experiment are not
possible with the extracted data” [24]) is not a problem for
this research. This is supported by the large sample size for
this study with 400 job extracted job ads helps to reduce this
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