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Solving skill 
mismatch

HEADAI TECHNOLOGY

Headai refines growing open data with artificial intelligence to support decision making. 
Our technology is applied e.g. for  building predictive analytics to understand the demand 
and supply of skills, planning additional training based on the identified skill gaps, or 
finding a suitable partner company or investment target.

Our algorithms solve the challenges of fragmented open data by combining different fields 
of artificial intelligence. The customer cases demonstrate how we automate intellectual 
tasks - from routines of the data collection to predictive skill analytics that has not been 
possible before. Our current customers include governments & ministries, investment 
funds, global organizations, universities, educational institutes, corporations, and private 
companies.

 

Headai develops cognitive artificial 
intelligence that learns from natural 
language and is able, based on what 
it has learned, to make decisions that 
would require human-like linguistic 
reasoning.
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Headai is a Finnish technology company founded in 2015 
developing General Semantic Artificial Intelligence for 
predictive analytics and simulation. Our services enable 
harnessing open data to support decision-making and 
boosting continuous learning of communities, organizations 
and individuals. Our AI and language models are 100% 
Headai IP and based on over 20 years of experience in the 
cognitive sciences, combining natural language processing 
(NLP), self-organized learning, and reinforcement learning.

Under Headai license, the customer can use our API and start 
using the AI services which can be connected directly to the 
customer's system, or they can be used through the user 
interfaces provided by Headai. Where most of the NLP and 
reasoning solutions can require years of development before 
production stage, with Headai license you get access to 
technology which is widely used in operational environments 
(TRL7).

Our services enable 
harnessing open 
data to support 
decision-making and 
boosting continuous 
learning of 
communities, 
organizations and 
individuals.

Most of our 
technology and 
language models are 
in production use 
(TRL7).
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Workforce change and 
Information Overload

1

The era  of a straightforward and easily 
predictable environment is permanently 
over (Ketamo et al. 2018). The amount of 
open data is growing so fast that it cannot 
be followed, structured, or interpreted by 
hand. Much of the data is in textual form, 
i.e. natural language. It requires different 

technical approaches than computing with 
numerical data. It is vital for organizations 
and communities to have structured and 
up-to-date information to support planning 
and decision-making. The use of data 
must be transparent and ethical.

Utilizing data, lightning-fast 
responsiveness, enabling 
transformation, and continuous 
learning will be the key factors.
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The Era of Continuous Learning

Continuous change, global competition, 
digitalization and the replacement of 
human labor by intelligent automation are 
challenging our society. The fourth 
industrial revolution has become a topic of 
conversation in recent years. It is about 
increasingly diverse use of different 
technologies and data merging into 
communities. At the same time, 
companies are reporting about the 
shortage of skilled labor and the global 
problem of skills mismatch.

Challenges of speed and adaptability will 
affect every group there is.

How to track, structure, and interpret 
growing amounts of data into a 
comparable format?

How to make data-driven, transparent and 
justified decisions in the midst of all the 
rush?

How to maintain a common language for 
supply and demand of skills in a rapidly 
changing world of work?
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Machine reading 
English poses fewer 
challenges than 
many other 
languages. 
 
A language like 
Finnish, which uses 
suffixes instead of 
prepositions, brings 
challenges. Due to 
rich morphology, 
there are millions of 
inflected forms of 
words.
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The Challenges of Natural Language
 
Natural language is complex, and for a machine, it’s difficult 
to structure. The meaning of words is always formed together 
with the sentence and the other words in the whole text. The 
challenge of machine interpretation of natural language is 
increased by several factors such as synonyms, words with 
close meanings, the use of sarcasm and even fake news. The 
meaning of words always depends on the context in which 
they occur.

There is a subjectivity associated with natural language: 
everyone builds a definition for words through their own 
experiences. Another problem is that the language is 
changing all the time and even in different ways depending 
on the industry - the old terminology disappears and a new 
one appears to replace it. New skills are emerging in the 
wake of new technologies and jobs. The labor market uses a 
much different language than the educational world, which 
makes dialogue on the demand and supply of skills difficult.

In some languages, words can take many different forms due 
to the possible word suffixes and their combinations. English 
is somewhat easy to machine-read because the prepositions 
are already separated from the word stems. Natural language 
processing enables data processing operations such as 
noise cancellation, word stemming and lemmatization to be 
performed. These are small but important parts of the entire 
artificial intelligence process.



Textual Digital Twins
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Behind Headai’s digital twins is a dynamic 
ontology, i.e., a constantly evolving 
language model. It has been built using 
unsupervised machine learning, which 
enables constructing up-to-date and 
detailed language models for different 

situations. Cognitive artificial intelligence 
learns semantic structures from natural 
language and its millions of sentences, 
and uses them in explaining phenomena 
and making decisions. It represents the 
3rd wave of artificial intelligence.
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Dynamic language model describes 
the word relations and their strengths 
in a specific context. It keeps 
up-to-date by continuously reading 
new information from chosen 
sources.



The traditional keywording that people make to textual 
content is based on the use of a limited, regular, and 
predefined vocabulary. For example, the ESCO (European 
Skills / Competences, Qualifications and Occupations) 
classification has around 14,000–16,000 words, depending on 
the language, and 7,000–9,000 of these, depending on the 
language and definition, are competence words.

Headai’s dynamic ontology consists of millions of words. AI 
has built the vocabulary by reading e.g. news, job postings, 
scientific articles and Wikipedia in different languages. The 
majority of the words are nouns - there are about 90,000 to 
120,000 meaningful words and about 40,000 of them related 
to the labor market. Each language has its own 
characteristics, and sometimes a rich morphology can be 
challenging. English is much easier for AI, compared to many 
others. 

By using the dynamic language model, Headai builds detailed 
and flexible skill-related digital twins of e.g. I) the working life 
skill demand, II) the supply of training or education,  III) the 
individual, learner, employee, trainer or other individual and, 
IV) companies.

The solution enables the comparison of demand and supply 
of skills as well as accurate labor market analysis between 
people, jobs, companies and education. AI processes and 
analyzes textual data, such as curriculums or job descriptions, 
and recognizes what kind of skills and skill-related words are 
associated with them.

Headai’s dynamic 
ontology consists of 
millions of words.

There are 90,000- 
120,000 meaningful 
words and around 
40,000 related to the 
labor market.

7

ESCO classification 
has around 14,000 - 
16,000 words 
depending on the 
language.

So far, Headai has 
mined over 10 
million job postings.

https://ec.europa.eu/esco/portal/howtouse/21da6a9a-02d1-4533-8057-dea0a824a17a
https://ec.europa.eu/esco/portal/howtouse/21da6a9a-02d1-4533-8057-dea0a824a17a


Cognitive artificial intelligence is really effective in automating 
the reading of textual entities and understanding the 
connections and relations (semantics). Final decision-making 
is usually left for humans. Automating routine tasks in 
information work saves time for development work and 
streamlines the decision-making process.

In the midst of all platform economy and AI hype, one must 
remember that high-quality input data is vital for AI to be able 
to function properly. Development and future planning should 
always be data-driven and based on up-to-date information.

The challenge for training and educational organizations is to 
keep the curriculums up to date while the vocabulary and 
competency descriptions in working life keep changing. 
Headai's constantly learning and up-to-date language models 
have already helped numerous clients to overcome this 
challenge.

Digital twins are 
comparable.  A 
feedback can be 
enabled for the user 
to drive the results in 
the desired direction.

The better the quality 
of the input data, the 
more likely it is that 
AI will give good 
outputs.
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How Can My Organization Benefit 
from Using Digital Twins?

We build a digital twin to simulate the customer's industrial domain by using open data. 
The digital twin created from customer’s data can now be compared with the industry.

Predictive analytics enables spotting trends, such as changes in the demand and supply 
of skills in the regional labor market. You can create a data-driven strategy by using the 
insights of the labor market trends.

Simulation is performed by comparing digital twins against each other. As an example, 
comparing the skills produced by a university curriculum to the demand for skills in the 
labor market. The results can be visualized as a two-dimensional skill map, in which the 
similarities and differences between the supply and demand clearly appear in different 
colors. Another example is comparing an investor profile with potential investment targets. 
The output is a TOP list of most relevant companies. In the case of an individual, the 
digital twins enable a comparison of one's own competence profile with a dream 
profession. The output is the list of skills to be developed to achieve the qualifications of 
the desired profession.
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Customer Cases
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“Headai is our key partner, 
who navigates with us 
towards the future.” 
–Anu Moisio, Process Director, 
Helsinki Metropolitan Universities of 
Applied Sciences



The World Bank – Labor Market Analysis and 
Curriculum Gap Assessment in Kenya

The World Bank funded a project where 
Headai conducted a labor market demand 
analysis and curriculum gap assessment 
for two universities in Kenya In 2019. The 
analysis was based on data of open jobs 
over a four-year period. The curriculums of 
the two Kenyan universities were modeled 
to explore the skills they produce. As a 
result, it was possible to compare the 
supply and demand of skills.

Objectives of the cooperation

i) to understand what skills are needed 
now and in the near future

(ii) to guide the development of an 
up-to-date curriculum

iii) to advise students in choosing courses;

(iv) to gain understanding how to improve 
competitive offering of universities.
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In addition to analyzing the university curriculums, we mined 
more than 60,000 Kenyan job advertisements from 2016–
2019. As a result we found out the most in-demand skills, and 
trends in the Kenyan labor market. It was now possible to 
compare the curriculums’ skill offering with skill demand of the 
labor market, and consequently it was possible to highlight 
areas for development in the curriculums. At the same time, it 
was possible to discuss whether some of the skills gaps 
found by artificial intelligence were merely vocabulary 
differences between the educational and the labor market 
language.

Read more about the implementation in the World Bank blog 
post,  and in the final report of the project.

Predictive Analytics 
and Trends: Kenya’s 
20 most in-demand 
skills in the labor 
market and their 
changes over a four-
year period. The 
numerical values are 
percentages of the 
overall annual skills 
demand.
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https://blogs.worldbank.org/education/jobs-skills-and-potential-ai-kenya
https://blogs.worldbank.org/education/jobs-skills-and-potential-ai-kenya
https://blogs.worldbank.org/education/jobs-skills-and-potential-ai-kenya
https://blogs.worldbank.org/education/jobs-skills-and-potential-ai-kenya
http://pubdocs.worldbank.org/en/202221578327923556/Labor-Market-Analysis-and-Curriculum-Gap-Assessment-using-Big-Data-in-Kenya-FinalReport-Headai-10282019-clean.pdf
http://pubdocs.worldbank.org/en/202221578327923556/Labor-Market-Analysis-and-Curriculum-Gap-Assessment-using-Big-Data-in-Kenya-FinalReport-Headai-10282019-clean.pdf


The Metropolitan Universities of Applied 
Sciences Optimizing over 10,000 
Courses for the Labor Market Needs

Since 2018, Headai has extensively 
collaborated with Finnish Metropolitan 
Universities of Applied Sciences (3AMK), 
formed by Haaga-Helia, Laurea and 
Metropolia University of Applied Sciences. 
The focus has been on developing the 
curriculum offering to respond more 
precisely to the skills demand of the labor 
market. A significant benefit was obtained 
by finding possible overlaps between the 
educational organizations. This enabled 
streamlining the educational offering of the 
whole consortium. Comparing the 
competency maps of the supply and 

demand of skills helps to design new 
degree programs and course content.

In addition to the challenges of machine 
reading data in a form of natural language, 
the language used by the curriculums was 
found to differ in many respects from the 
language used in labor market, which may 
make it difficult for students to form an 
overall picture of their possible career 
paths (Ketamo, Moisio, Passi-Rauste & 
Alamäki 2019).

Read the entire Helsinki Metropolitan 
Universities of Applied Sciences customer 
story.
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https://medium.com/headai-customer-stories/customer-story-3amk-4f7944080344
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Duunikoutsi Motivates the Youth to Recognize 
Their Strenghts

Economic information office Economy and 
Youth TAT utilizes Headai’s AI components 
in its mobile application. The main purpose 
of the application is to: 1) Identify youth's 
skills and make them visible 2) Inspire 
youth to work 3) Develop 
knowledge-based thinking.

Duunikoutsi is an application to coach the 
youth for working life. In the application,  
an AI-powered Robokoutsi bot feeds the 
user tasks and challenges in the order that 
best increases motivation, and then 

gradually guides to dig into more 
challenging topics. Robokoutsi identifies 
the user’s strengths and interests, with the 
goal of inspiring and engaging. The young 
user learns to learn and to reflect on the 
learning outcome, as well as to find out 
what skills should still be practiced.

Download Duunikoutsi for Android and 
iOS. Read about Duunikoutsi being 
awarded as the Best Digital Learning 
Solution in Finland 2020.

14

https://play.google.com/store/apps/details?id=fi.tat.duunikoutsi&hl=en
https://play.google.com/store/apps/details?id=fi.tat.duunikoutsi&hl=en
https://apps.apple.com/fi/app/duunikoutsi/id1462903853
https://apps.apple.com/fi/app/duunikoutsi/id1462903853
https://eoppimiskeskus.fi/en/projekti/eeemeli-competition/
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The Benefits
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At national / global level

Continuous learning is enhanced as 
individuals can more easily take 
responsibility for developing their own 
competencies.

The supply and demand of skills can be 
better connected.

Up-to-date labor market data to guide in 
developing the educational curriculums.

Training and educational organizations

Strengthen the various stages of training 
and educational processes.

The supply of training can be better 
targeted to meet acute in-demand skills of 
the labor market.

Clearer career paths open up for the 
learner.

For companies & service providers

Processing scattered labor market data 
into insights and bringing it to guide 
decision-making.

Enabling management with up-to-date 
information of the industry.

Finding a partner or skilled labor to fill the 
detected skill gaps faster.

Enabling active co-operation and 
development of the providers of 
employment services.
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“In many cases, utilizing NLP and 
reasoning solutions can require 
years of development. Under 
Headai license, we offer 
language model technology 
which is ready for production 
use.”



A self-organizing ontology is the 
cornerstone of our AI

Our technology is based on a different 
language model than commonly used 
man-made models and enables more 
efficient utilization of fragmented textual 
information. It uses a self-organizing 
semantic network which enables more 
complex reasoning than traditional 
ontologies. We find relations from 
unstructured textual data in a way that has 
not been possible before. Our technology 
utilizes the different areas of artificial 
intelligence: e.g. natural language 
processing, self-organized learning, and 
reinforcement learning.

Language Independent

Our artificial intelligence learns by reading 
natural language, unstructured textual 
data. It learns the relationships between 
words and models semantical connections 
independently, not using ready-made 
ontologies or keywording. It is thus able to 
learn the relationships between the entities 
of even large sets of data, 
language-independently. It forms its 

understanding from scratch, not with 
ready-made ontologies with possible 
limitations or biases.

Up-to-date

We produce and develop the language 
model for each language. This is an 
ongoing process in which our system 
reads selected sources from the web on a 
daily basis, performing continuous 
language refinement. When job titles and 
educational degree programmes 
disappear, or they change names or new 
ones arise, we focus on creating 
understanding of the skills and meanings 
behind them.

Explainability

By using narrow machine learning 
algorithms (like deep learning), it is not 
possible to explain the reasons for the 
algorithm’s outputs. This raises many 
questions and concerns from an ethical 
perspective. Headai's computational 
intelligence maintains a cause-and-effect 
chain in operations. This allows explaining 
the outcomes and keeps up transparency.
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Headai’s competitive advantages



Headai Team
5

Coming together is a beginning. 
Keeping together is progress. Working 
together is success.
–Henry Ford
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Anu Passi-Rauste Head of Business Development
Anu (M.Sc.) has 20 years’ experience in edtech business and 
learning solutions. She is responsible for building the market 
intelligence, business growth, customer success and scaling sales. 
Eisenhower fellow 2014.

Antti Koivisto Head of Software Development, Founder
Antti (D.Sc. candidate) has 10+ years of experience in software 
development. Responsibilities in R&D, data science and system 
architectures. Scientific background in games industry and health 
technology.

Harri Ketamo Executive Chairman, Founder  
Harri (Ph.D.) is an entrepreneur with 20 years’ experience in 
learning sciences and artificial intelligence as a science and as a 
business. Eisenhower fellow 2017, Adjunct Professor at Tampere 
University of Technology and Senior Fellow at University of Turku.

Peter Vesterbacka Executive Advisor, Board Member
Entrepreneur and brand breaker. Former Rovio ‘Mighty Eagle’ of 
Angry Birds. Founder of Slush.

Marko Laiho COO, Founder, Board Member  
Marko is an experienced technology executive with proven skills 
and track record of turning Innovations, Ideas and Teams into 
global success.
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Eero Hammais Communications Manager
Eero (MBA)  is a communications professional with over a decade in 
producing recognized digital stories. Responsibilities in 
communications, marketing and brand. Background in project 
management and higher education sector.

Cimmo Nurmi Executive Advisor
Cimmo, Ph.D., is a Vice President of Satakunta University of 
Applied Sciences. An expert in applied mathematics, optimization 
and computational intelligence methods in industry and service 
sector.

Andrés Felipe Zapata Palacio Junior Data Scientist
Andrés is a talented software developer with responsibilities in data 
mining & web scraping operations.

Jari Savinainen Senior Cloud Engineer
Jari (M.Sc.) has 20+ years experience in SW design, 
implementation and testing. Done multitude of projects varying 
from low level embedded SW design to mobile and full-stack 
design on several platforms. Responsibilities in security, scaling, 
performance.

Jari Vuori Scientific Advisor
Jari, D.Sc, is a seasoned professional in healthcare administration. 
Over 20 years as a professor in University of Eastern Finland. 
Currently, he is a visiting professor at Arizona State University and 
London School of Tropical Medicine & Hygienen. 
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If you have any 
questions, or would 
like to know more 
about our tech, 
don’t hesitate to 
contact us!

Business Development & Sales 
anu.passi-rauste@headai.com
+358 40 5081 130

www.headai.com  
info@headai.com 
Headai Customer Stories 
@headaiofficial 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