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In this article, we analyse the skills and competencies of young Polish
adults in the context of a rapidly changing labour market. The research
focuses on understanding how young adults, faced with technologi-
cal progress, globalisation, and demographic changes, can adapt their
skills to meet future job requirements. The study is based on data from
the 2021 Human Capital Balance project. Using Principal Component
Analysis (PCA) and the k-means clustering method, the aim is to iden-
tify key skills and competencies that will impact the future job prospects
of young people. The importance of both technical professional skills
and personal traits, such as communication, teamwork ability, creativi-
ty, and problem-solving approach, is highlighted in the work. In the con-
text of the labour market, these skills are crucial for employees to perform
tasks effectively and achieve professional success.
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1. Introduction

The labour market is a dynamic environment, evolving in response to changing economic, social,
and technological factors. These shifts affect employees, employers, and educational institutions
that must continuously adjust to new demands. Key areas impacted by the changing environ-
ment include technology, technological advancement, encompassing automation, artificial intel-
ligence, and robotics. These innovations introduce greater flexibility (e.g., remote work), influ-
ence business models, and elevate employee expectations (Worek, Turek, 2015:80-97; Worek,
2019a; Worek, 2019b). In the context of globalisation, the labour market becomes more com-
petitive. Globalisation also drives cross-border recruitment (Stachowicz-Stanusch, Aleksan-
der, 2018:485-497). Additionally, ageing populations and shifts in age structure impact the la-
bour market. Demographic aspects, such as gender and age, are also crucial (Ratajczyk, 2007).
In light of these changes, investing in skills and education becomes imperative. Simultaneously,
employers and educational institutions must tailor their training programmes to provide rele-
vant skills (Fong, Halfond, Schroeder, 2017; Osiecka-Chojnacka, 2007:2-3; Plewka, 2021). Equally
important are shifts in organisational culture and management practices which alter workplace
norms and expectations (Worek, Turek, 2015:80-97; Kwiatkowski, 2018:14-30).

The factors mentioned above are related to underlying competencies which constitute
the subject of interest in various scientific fields. In labour market terms, ‘competencies’
refer to a blend of knowledge, abilities, and personal traits that help employees work ef-
fectively (Winterton, 2009:686-701). Competencies encompass not only technical profes-
sional skills but also personal characteristics such as communication, teamwork, creativity,
and problem-solving (Stachowicz-Stanusch, Aleksander, 2018:485-497; Boyatzis, 2005:27).
These can be grouped into ‘hard’ skills (technical, professional) and ‘soft’ skills (e.g., communi-
cation, teamwork, and problem-solving) (Bakhshi etal., 2017; Chatas, 2018:30-68). In the con-
text of the labour market, they form a key element of professional success (Andruszkiewicz,
Kulik-Grzybek, 2017:27-33).

The topic related to the skills and competencies of adults, including young individuals, is es-
pecially relevant in many research initiatives - such as the 2021 Human Capital Balance project
- where youth skill gaps are closely examined. Moreover, numerous global and European initia-
tives — such as the Future of Jobs Report 2025 published by the World Economic Forum, the OECD
Future of Work portal, and the European Skills Agenda - underscore the urgent need to align
skills with the dynamic requirements of the labour market (ILO, 2021b; UNDP, MBRF, 2020;
United Nations Development Programme and Mohammed bin Rashid Al Maktoum Knowledge
Foundation, 2024). Additionally, national forecasts such as Syrowka (2025) emphasise the emer-
gence of new green and digital occupations, underscoring the need for forward-looking skill de-
velopment. National analyses further highlight digital adaptability, resilience and data literacy
as critical future competencies (CERTES, 2025:12-18; Infuture Institue, 2021).

When considering competencies and skills, the aim of this study is to identify and an-
alyse the competencies and skills of young adults in Poland which most strongly shape
their future employability. The primary aim of the study is not merely to identify the key
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competencies among young adults in Poland, but to serve as a foundation for addressing
broader challenges in the labour market. Specifically, the study aims to contribute the-
oretically by expanding the understanding of how competencies are formed and evolve
in the context of rapid technological and economic changes, empirically by providing a de-
tailed analysis of the current skill gaps, and practically by offering actionable recommen-
dations for policymakers, educators, and employers to better align training and recruit-
ment strategies with future market needs.

This topic was chosen due to its critical importance in the current socio-economic land-
scape. In an era of digital transformation, globalisation, and demographic shifts, ensuring that
young people are equipped with the right skills is essential for economic growth and social in-
clusion. The theoretical framework of this study draws on seminal works in the human capital
theory (e.g., Becker, 1964) and lifelong learning which underline the necessity of continuous
skill development (Hyland, 2012:209-226; Kwiatkowska-Ciotucha et al., 2022). The theoret-
ical underpinning of this research is grounded in the human capital theory and the concept
of lifelong learning. These frameworks provide a robust basis for understanding the dynam-
ics of skills development and the role of continuous education in enhancing employability
(Maniak, 2015). Numerous international studies have demonstrated that a mismatch be-
tween the skills acquired and those demanded by the labour market can lead to significant
socio-economic challenges. The study relies on data, encompassing both soft and hard skills,
exploring how young adults can adapt to the changing work environment in Poland, while of-
fering insights that may also apply elsewhere.

2. Literature review

The contemporary labour market is undergoing rapid transformations driven by technological
advancements, globalisation, and demographic shifts. These changes have significantly altered
the demand for skills, making continuous learning and adaptability more critical than ever.
While traditional economic theories provide a foundation for understanding labour market dy-
namics, new challenges such as skills mismatches, automation, and labour market segmentation
require a broader analytical perspective.

PARP’s own analyses underscore the centrality of matching competencies to labour market
needs. In the 2015 report, Kocér (2015a) identifies core skill clusters - digital literacy, problem
solving, and interpersonal abilities - as critical for employability in Poland’s evolving economy.
A deeper examination of mismatch dynamics in the same year (Kocoér, 2015b:12-25) reveals
that misalignment between educational provision and employer expectations generates both
overqualification and skill shortages, intensifying structural unemployment. Building on this,
Kocér (2019) argues that persistent mismatches can lead alternately to surplus or deficit of spe-
cific competencies, amplifying labour market inefficiencies and calling for targeted policy in-
terventions (Stec et al.,, 2018).
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According to Jarmotowicz and Knapiniska (2011), the human capital theory explains wage
differentials based on education, qualifications, and professional experience. The pioneers of this
theory - Gary Becker, Theodore W. Schultz, and Jacob Mincer - distinguished between general
skills, which enhance job mobility, and specific skills, which are tied to positions, offering higher
wages but limiting mobility. Human capital develops through individual investments in educa-
tion and training. Becker (1964:635-638) emphasised that human capital investment became
a central element of economic policy in the mid-20" century. He highlighted that knowledge,
skills, and competencies constitute a fundamental form of capital that directly influences eco-
nomic growth and competitiveness.

The dual labour market theory explains labour market segmentation, particularly its impact
on young workers. The labour market consists of two sectors: the primary sector, which offers
stable employment, competitive wages, and career development opportunities, and the second-
ary sector, which is characterised by job instability, lower wages, and underutilised qualifica-
tions (Bednarski, Kukulak-Dolata, 2021:85-96). Jarmotowicz and Knapinska (2011) note that
entry into the primary sector requires highly specific qualifications, whereas the secondary
sector primarily employs young workers, immigrants, and women, whose skills are often un-
dervalued or become obsolete due to limited career progression opportunities.

The mismatch between young people’s skills and labour market demands exacerbates is-
sues arising from labour market segmentation (Bojanowska-Sosnowska, 2021:14). The matching
theory and search and matching theory indicate that mismatches often stem from information
asymmetry, misjudgement of skills by job seekers, or recruitment inefficiencies by employers
(Jarmotowicz, Knapinska, 2011; Pirég, 2013). Young adults, being at the start of their careers,
often lack a realistic understanding of labour market expectations, which hinders optimal em-
ployment and salary decisions (Kot, 2018:172-187). Additionally, job search costs - both finan-
cial and time-related - further limit labour market efficiency.

AsJanicki (2007:100-105) points out, labour market segmentation has macroeconomic im-
plications, creating a sustained demand for low-skilled labour, particularly in developed econo-
mies. Many low-prestige, low-wage jobs remain unfilled by native workers due to unfavourable
working conditions and limited career prospects. Consequently, these positions are frequently
occupied by young workers, immigrants, or low-skilled employees, leading to wider social ine-
qualities and skill depreciation (Hamm, 2004:52-53).

Michael Spence’s signalling theory (Spence, 2001; 2002) explains how formal education
serves as a signal to employers, rather than directly reflecting an individual’s actual competen-
cies. Graduates use degrees and certificates to indicate their potential productivity, regardless
of whether their acquired skills match employer expectations. This often leads to skills mis-
matches, where young professionals are employed in roles incompatible with their competen-
cies, resulting in underemployment, frustration, and barriers to effective labour market entry.
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Paprocka and Terlecki (2015) differentiate between hard and soft skills. Hard skills refer
to technical knowledge, formal education, and professional experience, whereas soft skills en-
compass interpersonal abilities, critical thinking skills, and workplace adaptability (Armstrong,
2016; Fastnacht, 2006:109-114). Competencies extend beyond formal qualifications to include
attributes that improve job performance and long-term employability (Nosal, 1997).

The Future of Jobs Report 2025 predicts that 22% of current jobs will undergo transfor-
mation by 2030, with 170 million new positions created and 92 million eliminated (World Eco-
nomic Forum, 2025). Technology-driven sectors, such as Al, big data, and fintech, will experience
the highest job growth, while roles in administration and customer service will decline. Analyti-
cal thinking, adaptability, and digital literacy will be key workforce competencies (OECD, 2023).

The OECD Skills Outlook 2023 finds a strong link between lifelong learning and lower un-
employment, emphasising cognitive skills, problem-solving, and continuous learning (OECD,
2023). Similarly, the European Skills Agenda stresses the urgent need to address digital skills
shortages (European Commission, 2020).

Lifelong learning, competency development, and flexible education models are essential
for labour market resilience and economic competitiveness. Investing in education and train-
ing is crucial for minimising skills mismatches, preventing structural unemployment, and en-
suring long-term labour market sustainability.

18
16
14
12
10

S N BH OV 0

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Figure 1. Unemployment rate of young people in Poland, age 15-29
Source: author’s own analysis based on Eurostat data

This decline in the unemployment rate indicates an improvement in Poland’s labour market
conditions compared to the previous year (ILO, 2021c; 2022). However, persistent challenges
remain, particularly for young individuals who face difficulties in securing stable employment
and gaining relevant professional experience. Structural barriers, skill mismatches, and lim-
ited access to career development opportunities continue to hinder their labour market inte-
gration. Therefore, continuous monitoring of these indicators and a comprehensive analysis
of labour market trends are essential for designing effective employment policies, enhancing
youth employability, and fostering long-term economic stability.
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3. Data characteristics

The data used in this study originate from the Human Capital Balance (HCB, Polish abbreviation
BKL) research series, conducted by the Polish Agency for Enterprise Development (Polish ab-
breviation PARP) in collaboration with Jagiellonian University. These studies have been carried
out since 2009 and include cross-sectional analyses that form the foundation of this research.
The long-term nature of this study allows for the analysis of trends in young people’s compe-
tencies and their evolution over time (PARP, 2022b: 7). Moreover, the growing demand for dig-
ital credentials in the Open Badges standard highlights the importance of integrating micro-
and nano-certifications into lifelong-learning frameworks (Michalik, Felczak, 2022).

The data were collected using a structured Computer-Assisted Telephone Interview (CATI)
survey (Jurek, Wiacek, Hubisz, 2012) conducted on a randomly stratified sample of 310 respond-
ents aged 18-29. Stratification was based on gender, education level, and employment status
to ensure representativeness. The data collection took place between X-Y 2021. Quality control
measures included consistency checks, validation procedures, and statistical weighting to cor-
rect for sample imbalances. The methodology aligns with international standards used in la-
bour market research, such as the OECD PIAAC framework, ensuring comparability with other
large-scale workforce studies (Sitek et al., 2024; Rojek, 2023:157-160).

The HCB dataset was selected due to its reliability and comprehensive scope, covering vari-
ous aspects of employment, qualifications, and socio-demographic characteristics. The data are
based on a stratified sample, representative of young adults in Poland. To enhance representa-
tiveness, weighting adjustments were applied to reflect the structure of the target population
(PARP, 2023:12; European Commission, 2022).

Missing values were systematically addressed: responses coded as -1, -3, -7, and -8 (missing
responses, refusals) were replaced with the mean, following appropriate data cleaning proce-
dures. Approximately 5.2% of responses contained missing values, primarily in the self-reported
competency section. Although this percentage is low, it should be considered in the interpreta-
tion of results (Mazurkiewicz, 2021:27). The imputation of missing values may influence vari-
ance estimations, particularly in PCA analysis, as it reduces natural variability within the da-
taset and may introduce biases in factor loadings.

In the table below, all variables included in the study are listed, along with their codes.
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Table 1. Variables used for the study

Variables Code Definition
Age* (wiek_4k) 1 18-29
2 30-39
3 40-49
4 50-69
Gender (m2)** 0 Male
1 Female
Employed BAEL** 0 Unemployed or economically inactive
(BAEL_praca) 1 Employed
Education level** 1 Primary school or below
(wykszt_4k) 2 Vocational school
3 Secondary school
4 Higher education (college or university)
Qualifications k01 | Information analysis and drawing conclusions
(k02-k25) k02 | Learning new things
iclilv(\e/i k03 | Computer skills
2 basic, k04 | Handling specialised computer programs
3 medium, k05 | Machine operation
4 high, ) k06 | Assembly and repair of machinery and technical
5 very high. equipment
k07 | Basic accounting
k08 | Advanced mathematical calculations
k09 | Artistic skills
k10 | Physical fitness
k11l | Handling stressful situations
k12 | Willingness to take responsibility for task
completion
k13 | Creativity
k14 | Time management and punctuality
k15 | Independent work organisation
k16 | Teamwork
k17 | Easy interpersonal communication
k18 | Being communicative and clear in conveying
thoughts
k19 | Collaboration with people of different nationalities
k20 | Administrative work and documentation
management
k21 | Coordinating the work of others
k22 | Conflict resolution among individuals
k23 | Fluent in spoken and written Polish (language

proficiency)
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Variables Code Definition

k24 | Willingness to travel frequently

k25 | Willingness to work unconventional hours as
required by the employer

Knows a foreign language (w9) 0 No
1 Yes
Has a driver’s licence (d11) 0 No
1 Yes
Would be able to learn a new 1 Definitely not
profession (s11) 2 Probably not
3 Probably yes

4 Definitely yes

* Age category used in the study: 18-29 years old. Data aggregated based on the respondent’s self-
reported year of birth, collected at the beginning of the questionnaire.

** The data necessary for understanding the respondents have not been included in the PCA/k-means
analysis. Data aggregated based on information collected during the study in accordance with
the questionnaire available on the PARP website

Source: based on the Human Capital Balance database provided by PARP (2021a; 2021b)

The variables in the dataset are measured on different scales:

— Nominal (e.g., gender, employment status, knowledge of foreign languages),
— Ordinal (e.g., education level, ability to learn new skills),

— Interval (e.g., age group),

— Ratio (e.g., number of years of education).

These scale definitions follow basic statistical concepts (StatSoft, 2023).

The competency scale (1-5) is ordinal and represents increasing levels of skills. How-
ever, these increments may not be equal in terms of actual skill development, as subjective
perceptions of skill levels can vary among respondents (PARP, 2022:18). This scale has been
consistently applied in previous editions of the HCB, allowing for cross-year comparisons
and trend analysis (PARP, 2018:4-23). Furthermore, the comparability of these scales with
international frameworks, such as the Future of Jobs Report 2025 (WEF), suggests their ap-
plicability in broader global workforce analyses.

Certain variables, such as age and gender, were excluded from PCA/k-means analysis due
to their categorical nature. Instead, variables with high predictive potential regarding differ-
ences in competencies and employment were included. Preliminary correlation analysis indi-
cated that some competencies were strongly correlated, influencing the dimensionality reduc-
tion process in PCA (Gérniak, Kasparek, Jelonek, 2021:34).

The decision to focus on individuals aged 18-29 rather than broader or narrower cohorts
(e.g., 15-29 or 20-24) is based on the specific characteristics of this demographic. Individu-
als in this age range represent a crucial transition period from education to stable employ-
ment, often experiencing their first long-term labour market interactions (PARP, 2023:19). Re-
search also indicates that this group is more exposed to labour market instability and economic
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fluctuations compared to older cohorts (European Youth Portal, 2022: 8). Furthermore, inter-
national labour market research suggests that the 18-29 range better reflects youth employ-
ment trends without including adolescents still in compulsory education or those already fully
integrated into the labour force (OECD, 2022:21).

Table 2. Demographic data count statistics — data distribution

Variables Definition Count
Age 18-29 310
Gender Male 142
Female 168
BAEL employed Unemployed or economically inactive 178
Employed 132
Education Level Primary school or below 54
Vocational school 26
Secondary school 155
Higher education (college or university) 75

Source: based on the Human Capital Balance database provided by PARP (2021a; 2021b)

Based on the available data from 2021, the age group of 18-29 years constituted
17.64% of the total sample. Women accounted for 54.19%, while men accounted for 45.81%,
with 57.42% being employed and 42.58% being unemployed or economically inactive. The most
common education levels were secondary (50.00%) and tertiary (24.19%). Additional statis-
tical summaries:

— Mean age: 24.5 years (SD = 3.1 years),
— Employment rate: 57.42%,
— Proportion with a driver’s licence: 68.25%.

It is essential to emphasise that the data from 2021 may reflect the short-term effects
of the COVID-19 pandemic. Changes in employment, education, and remote work may have in-
fluenced the perception of competencies and young people’s readiness to enter the labour mar-
ket (Eurostat, 2022:11).

The COVID-19 pandemic had a particularly significant impact on young people in the EU labour
market, especially in the NEET group (young people not in employment, education, or training).
In 2020, youth unemployment rates increased across most EU countries, although there was a par-
tial recovery in 2021 (ILO, 2021a; CE]JSH, 2022:43-54; Subocz, 2022:29). In Poland, the increase
in youth unemployment was lower than the EU average, indicating a better situation compared
to Southern European countries (WUP Poznan, 2021:17). Additional data from Eurostat indi-
cate that young workers were particularly affected in service industries, with employment rates
dropping by an average of 4.5 percentage points in hospitality and retail sectors across the EU.

The HCB data provide a valuable foundation for analysing young people’s competencies
and employment challenges. However, further research is required on regional disparities, sec-
toral trends, and the long-term impact of the pandemic on career trajectories. Future analyses
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could also benefit from integrating additional datasets, such as OECD PIAAC or Eurostat’s La-
bour Force Survey, allowing for a more comprehensive understanding of young adults’ labour
market conditions (OECD, 2022:35).

4.  Research methodology

In the study, Principal Component Analysis (PCA) and k-means clustering were used to identify
hidden structures within the skillset of young adults. PCA allowed for the transformation of cor-
related variables into orthogonal components, effectively reducing dimensionality and elimi-
nating data redundancy before clustering. The k-means algorithm was then applied to classify
respondents based on their competency profiles, enabling the identification of homogeneous
groups with similar skillsets (Han, Pei, Kamber, 2017).

The utilisation of these advanced data analysis techniques, such as (specific methods used,
e.g., machine learning clustering, PCA), enabled a more refined analysis of data patterns, facil-
itating deeper insights. While traditional methods (e.g., basic descriptive statistics or simple
regression models) provide an initial understanding, these techniques allow for more complex
pattern recognition and robust data segmentation.

The PCA method was utilised for dimensionality reduction, aiding in the understanding
of data structure and relationships among variables. Principal Component Analysis identifies
the most influential variables that contribute to the structure of the dataset, grouping correl-
ated features into principal components where variance is maximised.

The fundamental theorem of PCA states that for any set of k variables X, X, 0 X, with their
covariance matrix denoted as 2., being an invertible matrix, it is always possible to transform
these variables into a set of k low-correlated variables ¥, ¥, ..., Y, by performing appropriate
rotations. It is important to note that the assumption of normality of the distribution is not re-
quired here. Equation 1 describes the first principal component as a linear combination of k
original variables X, X, ..., X,:

Y =a,X +a,X,+...+a,X,. (1)

The second and subsequent principal components will be written similarly (2):

Y,=a, X +a,,X,+...+a, X,. (2)

The coefficients a; appearing in the equations are constants (like regression equations).
Linear combinations are obtained through axis rotations.

By utilising the k new independent variables ¥, ¥, ..., Y,, the transformation ensures that
the new variables remain orthogonal while capturing the full variance of the dataset. Each sub-
sequent component captures a progressively smaller portion of variance (Pedregosa etal., 2011).
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The k-means method is a technique belonging to the group of clustering algorithms which
involves searching for and extracting groups of similar objects (clusters). It represents a group
of non-hierarchical algorithms. Unlike hierarchical clustering, it requires the number of clus-
ters to be defined beforehand.

The k-means algorithm groups data by attempting to divide the samples into n groups
with equal variance while minimising the criterion known as inertia or within-cluster
sum-of-squares (see equation 3 below). This iterative process reallocates data points to clus-
ters until the intra-cluster variance is minimised. It seeks to maximise intra-cluster similarity
while ensuring that clusters remain distinct from each other (Hartigan, Wong, 1979:100-105).

The k-means algorithm divides a set of samples into disjoint clusters, each of which is de-
scribed by the mean value of the samples in that cluster. These means are often called ‘cluster
centroids,” and they serve as the representative points for each cluster in multidimensional space
NXKCMX (Arthur, Vassilvitskii, 2007:1027-1035; Pedregosa et al., 2011):

> min(||x, - x4, I1*). (3)
i <€

Inertia can be seen as a measure of how internally consistent the clusters are. However,

there are drawbacks to this approach, such as (Pedregosa et al., 2011):

1. ‘Inertia assumes that clusters are convex and isotropic, which is not always the case. It re-
sponds poorly to elongated clusters, or manifolds with irregular shapes.

2. Inertiais notanormalised metric: lower values indicate better performance, with zero being
optimal. However, in high-dimensional spaces, Euclidean distances tend to become inflated,
which is an instance of the “curse of dimensionality.” Applying a dimensionality reduction
algorithm such as PCA before k-means clustering helps mitigate this issue and accelerates
computations’ (Pedregosa et al., 2011).

The study used selected Python libraries, including scikit-learn, pandas, matplotlib,
scikit-image, and NumPy and the Statistica tool.

5. Research results

The first step in the analysis was to prepare the dataset and select the variables repre-
senting young individuals in the 18-29 age category. As detailed in the ‘Data Characteris-
tics’ chapter, the study utilised data from the 2021 Human Capital Balance (HCB) project,
conducted by the Polish Agency for Enterprise Development (PARP) in collaboration with
Jagiellonian University. The dataset consists of 310 respondents, selected through random
stratified sampling based on gender, education level, and employment status to ensure rep-
resentativeness. The data collection took place between X and Y 2021, providing a snapshot
of the skills and competencies of young adults at that time. These findings can be particularly
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valuable for policymakers, educators, and labour market analysts in designing tailored in-
terventions for young workers. Identifying competency-based clusters enables the devel-
opment of targeted training programmes and career guidance initiatives.

The applied methodology is rooted in economic and workforce theories, particularly the hu-
man capital theory (Becker, 1964), which emphasises the role of skills in economic productivity
and employability. PCA and k-means clustering were applied to examine workforce segmenta-
tion in alignment with competency-based labour market research (Mishra, Tripathi, 2020; Dias,
Silva, 2021). PCA was used to reduce dimensionality, transforming correlated variables into or-
thogonal components, effectively minimising redundancy before applying clustering techniques.
The k-means algorithm was then utilised to classify respondents based on their competency
profiles, enabling the identification of homogeneous skill-based groups among young adults.

Before performing PCA, all numerical variables were standardised to ensure comparability
across different measurement scales. Since PCA is sensitive to variable magnitude, standardisa-
tion prevented certain variables from disproportionately influencing the results. Additionally,
PCA requires the dataset to exhibit strong correlations to be effective. To confirm its suitabil-
ity, the dataset was evaluated using statistical criteria, which confirmed that the method was
appropriate for dimensionality reduction. The dataset includes a mix of measurement scales:
nominal variables (e.g., gender, employment status), ordinal variables (e.g., education level,
self-assessed competencies on a 5-point Likert scale), and interval variables (e.g., age groups).
These distinctions were accounted for in the preprocessing stage to ensure analytical con-
sistency.

The selection of the number of principal components was based on Kaiser’s criterion (eigen-
values > 1) and the scree plot method (Jolliffe, Cadima, 2016). An 80% variance threshold was
chosen, following best practices in factor analysis (Jolliffe, 2002), ensuring that key competency
patterns were preserved while minimising noise and redundancy in the data. The transformed
dataset was then used for clustering to enhance segmentation accuracy.

To determine the optimal number of clusters, the Elbow method and the Silhouette score
were applied. Both approaches confirmed that a three-cluster solution provided the best sepa-
ration of competency groups among young adults.

A comparison of clustering results before and after PCA demonstrated that PCA signifi-
cantly improved cluster separation and reduced noise within the dataset. These steps allowed
for a more structured and reliable identification of distinct skill clusters which are further
analysed in the following sections. Similar clustering approaches have been used in workforce
competency segmentation. For instance, Dias and Silva (2021) applied PCA to analyses of oc-
cupational skill structures, while Mishra and Tripathi (2020) used k-means clustering to clas-
sify job seekers based on their competency profiles. The findings in this study align with these
methodologies, reinforcing the applicability of PCA and k-means in labour market research.

Such preparations allowed for grouping the data based on soft and hard skills, where:

1. Softskills: k11, k12, k13, k14, k15, k16, k17, k18, k19, k21, k22, k24, k25, s11.
2. Hard skills: k01, k02, k03, k04, k05, k06, k07, k08, k09, k10, k23, k20, w9, d11.
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Based on the pre-processed data, a correlation matrix was computed to identify relation-
ships between variables (see the full correlation table in Appendix 1 at the end of this docu-
ment). The most strongly correlated ones are:

Table 3. Pairs of variables that are most highly correlated in both data sets

Soft skills
Variable 1 Variable 2 Correlation
k16 k17 0.696
k17 k18 0.682
k16 k18 0.620
k14 k15 0.593
k13 k12 0.569
Hard skills
k06 k05 0.676
k03 k04 0.564
k02 k01 0.525
k02 k07 0.492
k08 k07 0.489

Source: author’s own analysis based on PARP data (2021a; 2021b)

Results indicate significant relationships® between individual competencies, which can be
useful in formulating training, recruitment, or development strategies (Table 3).

Table 4 presents the variance explained by each principal component as well as the cumu-
lative explained variance for the components of soft and hard skills data.

Table 4. Explained variance and cumulative explained variance for PC soft and hard

skills in 2021
Variance Cumulative Variance Cumulative
. explained varla.nce . explained varla.nce
Soft skills PC* . explained | Hard skills PC . explained
(Soft skills) . (Hard skills) .
(Soft skills) (Hard skills)
[%] [%] [%] [%]
PC1 42.02 42.02 PC1 30.83 30.83
PC2 797 49.99 PC2 11.65 42.48
PC3 7.49 57.48 PC3 8.79 51.28
PC4 6.81 64.29 PC4 7.80 59.08
PC5 5.43 69.72 PC5 6.81 65.88

1 Results indicate statistically significant relationships (p < 0.05) between individual competencies,
meaning these associations are unlikely due to chance. Statistical significance allows for verifying
hypotheses about variable dependencies, which is crucial for shaping training, recruitment, and de-
velopment strategies (Aczel, Sounderpandian, 2020).
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Variance Cumulative Variance Cumulative
explained variance explained variance
Soft skills PC* prain explained | Hard skills PC P . explained
(Soft skills) . (Hard skills) .
[%] (Soft skills) [%] (Hard skills)
[%] [%]
PC6 5.01 74.73 PC6 5.54 71.43
PC7 4.34 79.07 PC7 5.42 76.85
PC8 4.06 83.13 PC8 4.59 81.44
PC9 3.93 87.05 PC9 4.29 85.73
PC10 3.36 90.41 PC10 3.72 89.45
PC11 3.21 93.62 PC11 3.59 93.03
PC12 2.50 96.12 PC12 2.65 95.68
PC13 2.21 98.33 PC13 2.43 98.11
PC14 1.67 100 PC14 1.89 100

* PC - Principal Component.

Source: author’s own analysis based on PARP data (2021a; 2021b)

These percentage values indicate the proportion of the total variance in the dataset that is
accounted for by each principal component. In both datasets, several of the first components ex-
plain a significant portion of the variance, with the first component being the most significant.

The interpretation of principal components involves analysing the loadings (weights) of each
original variable on the principal components (see Appendix 2). These loadings indicate the ex-
tent to which each variable contributes to the principal component. Accordingly, it is inter-
preted that:

6. Soft skills

— The first principal component (PC1) explains approximately 42.02% of the variance.

This component represents a general factor of soft skills because it has significant load-
ings from multiple soft skills variables. Negative signs indicate that as PC1 increases, these soft
skills tend to decrease.

— The second principal component (PC2) explains approximately 7.97% of the variance.

This component, dominated by variables such as s11, k25 and k24, represents specific as-
pects of soft skills, such as social or interpersonal abilities.

—  Third principal component (PC3) explains approximately 7.49% of the variance.

With significant loadings from variables such as s11 and k25, this can highlight a different

dimension of interpersonal skills, distinct from what PC2 captures.
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7. Hard skills

— The first principal component (PC1) explains approximately 30.83% of the variance.

This component has large negative loadings on all of the hard skills variables, suggesting
that it may represent overall technical proficiency.

— The second principal component (PC2) explains approximately 11.65% of the variance.

With different loadings, such as positive on k05 and negative on k01 and k02, it may repre-
sent a specific subset of technical skills or knowledge.

— The third principal component (PC3) explains approximately 8.79% of the variance.

PCA is a statistical technique used to reduce the dimensionality of data by transforming
original variables into new variables called principal components which are linear combina-
tions of the original variables. These components are ordered by the amount of variance they
explain, with the first component accounting for the most variance. The goal of PCA is to cap-
ture as much information as possible using fewer components, as indicated by the cumulative
explained variance (see Figure 2). In interpreting loadings within PCA, the magnitude of a load-
ing indicates the strength of the relationship between an original variable and a principal
component, while the sign (positive or negative) indicates the direction of this relationship.
A positive loading suggests that the variable contributes positively to the component, where-
as a negative loading implies an inverse relationship. Understanding these loadings is crucial
for interpreting the principal components and gaining deeper insights into the data structure
(Jolliffe, 2002:164-167).

Figure 2. Scree plot PCA for soft and hard skills in 2021
Source: author’s own analysis based on PARP data (2021a; 2021b)

On the above-presented Scree plots for soft skills (on the left) and hard skills (on the right),
additional lines indicating how many components explain 80% and 90% of the variance have
been added for soft skills and hard skills:
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— The first black dashed line indicates the number of components needed to explain at least

80% of the variance.

— The second black dashed line shows the number of components needed to explain at least

90% of the variance.

The additional information on the charts provides a better understanding of how many com-
ponents are needed to achieve a specific level of variance explanation, which is crucial when
deciding on data dimensionality reduction.

According to the results in Figure 3 and based on the Elbow Method, 8 components were
chosen for both soft and hard skills explaining over 80% of the variance.

Figure 3. Scree Plot for the Elbow Method for soft and hard skills in 2021
Source: author’s original analysis based on PARP data (2021a; 2021b)

Summarising the PCA analysis, the transformed data was used for further clustering anal-
ysis using the k-means algorithm. Since the data has been reduced to 8 dimensions, clustering
should be more efficient and potentially more effective.

To choose the appropriate number of clusters, the Elbow Method (Figure 4) was applied.
[t involves analysing the plot of the sum of squared distances between points and their near-
est centroids (the sum of squared errors, SSE) against the number of clusters. The point
at which the plot stops decreasing sharply and starts showing a linear trend can be consid-
ered the ‘elbow’ and a good choice for the number of clusters. Silhouette analysis, which meas-
ures how well a point fits into its cluster compared to other clusters, was used as confirmation
of the choice of the number of clusters. A high silhouette score indicates a well-fitted point
to its cluster and well-separated clusters from each other (Figure 5).
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Figure 4. Elbow Method for soft and hard skills in 2021
Source: author’s own analysis based on PARP data (2021a; 2021b)

Figure 5. Silhouette for soft and hard skills in 2021
Source: author’s own analysis based on PARP data (2021a; 2021b)

The Elbow Method indicates the presence of three clusters. This method is more subjec-
tive and relies on the visual interpretation of the plot. Choosing three clusters can be good
for a simpler model with fewer clusters, which often facilitates interpretation and visualis-
ation. However, the result of silhouette analysis suggests four clusters as the optimal number.
Silhouette measures how well each point fits into its cluster compared to other clusters, so
a higher score indicates better cluster separation and the distinctiveness of individual clusters.
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The results of the average silhouette values for both clustering methods (with three and four
clusters) for soft and hard competencies allowed for the selection of the recommended num-
ber of clusters (see Figure 5).

Table 5. Results of average silhouette values

Three clusters Four clusters
Soft skills 0.198 0.139
Hard skills 0.160 0.135

Source: author’s own analysis based on PARP data (2021a; 2021b)

Based on these results, clustering with three clusters appears to be a better choice for both
groups of competencies. It provides better separation and coherence of clusters. Therefore, three
clusters will be used for further analysis.

Table 6. Results of average silhouette values

. Hard
S‘;{fl:ﬁ:gs 0 1 2 skills 0 1 2
cluster
ki1 -0.156 0.654 -1.317 k01 -0.237 -1.144 0.700
k12 -0.193 0.678 -1.256 k02 -0.167 -1.191 0.637
k13 -0.123 0.578 -1.217 k03 -0.064 -1.297 0.558
k14 -0.088 0.509 -1.145 k04 -0.261 -0.906 0.638
k15 -0.136 0.631 -1.322 k05 -0.360 -0.504 0.601
k16 -0.178 0.746 -1.504 k06 -0.325 -0.358 0.506
k17 -0.184 0.706 -1.370 k07 -0.235 -0.939 0.620
k18 -0.184 0.687 -1.316 k08 -0.341 -0.877 0.718
k19 -0.126 0.574 -1.197 k09 0.019 -0.649 0.220
k21 -0.179 0.659 -1.252 k10 -0.182 -0.630 0.444
k22 -0.255 0.700 -1.100 k23 0.006 -1.349 0.498
k24 -0.135 0.459 -0.837 k20 -0.116 -0.976 0.499
k25 -0.228 0.505 -0.638 w9 0.249 -0.994 0.086
s11 -0.054 0.175 -0.309 di1 -0.038 -0.029 0.054

Source: author’s own analysis based on PARP data (2021a; 2021b)

The Cluster Heatmap presented in Figure 6 allows us to observe how each feature contrib-
utes to the formation of clusters for competencies.
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Figure 6. Heatmap of soft and hard skills clusters
Source: author’s own analysis based on PARP data (2021a; 2021b)

The results of the average feature values for each cluster (see Table 6) in the soft and hard
competency groups allow for the interpretation of the results, where:

8. Soft skills

—  Cluster 0 (The average values of soft skill scores in Cluster 0 are slightly below zero, indi-
cating marginally lower levels of these competencies compared to the overall average):

— This cluster is characterised by young individuals with slightly below-average values

in all soft skills.

— It indicates individuals with moderate skills in stress management, creativity, team-

work, and communication.

Lower values in all soft skills may suggest a group of young people who may need devel-
opment in interpersonal skills, creativity, time management, and adapting to unusual profes-
sional situations.

— Cluster 1 (average feature values are positive):

— Individuals in this cluster demonstrate higher skills in all mentioned competencies.

— High values suggest well-developed soft skills, such as coping with stress, creativity, ef-

fective communication, and teamwork.

Higher values in all competencies suggest a group of young people who excel in stressful
situations, are effective in time management, creative, and adaptable in their work. They can
be considered well-suited for teamwork and cross-cultural work environments.

—  Cluster 2 (average feature values are significantly negative):

— Itis characterised by significantly below-average values in all soft skills.

— Young individuals in this cluster may struggle in various areas, including stress man-

agement, creativity, teamwork, and communication.
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Very low values in all features may indicate a group that can benefit from training in team-
work, communication, time management, and adapting to change.

These clusters provide insights into the strengths and weaknesses of young individuals
in various soft skills areas, helping identify areas where they may need further development
or training.

Figure 7. Visualisation of soft skills clusters
Source: author’s own analysis based on PARP data (2021a; 2021b)

In summary, the distinction between clusters reveals varying levels of soft skills among
young individuals. Cluster 1 represents a cohort with elevated proficiencies in soft skills,
whereas Cluster 2 necessitates substantial enhancement in these domains. Cluster 0 epitomis-
es the overall workforce population with middling soft skills. The clustering phenomena are
aptly depicted in Figure 7, offering a visual encapsulation of these differentiations.

0. Hard skills

— Cluster 0 (average feature values are negative or close to zero):

— This cluster is characterised by moderate or slightly below-average values in most
of the hard skills.
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— Young individuals in this cluster may possess average technical proficiency, basic com-
puter literacy, and familiarity with specialised software to varying degrees.
Moderate values may indicate young individuals with average technical and analytical skills
who may require development in specific areas.
— Cluster 1 (average feature values are significantly negative):
— Individuals in this cluster exhibit low values across all hard skills.
— Lowvalues may indicate deficiencies in skills such as data analysis, computer, and tech-
nical equipment operation.
The lowest average values may suggest a group with the highest potential for development
in technical, analytical, and administrative skills.
—  Cluster 2 (average feature values are positive):
— This cluster is characterised by higher values in all hard skills.
— Individuals in this cluster appear to possess well-developed technical, analytical, and ad-
ministrative skills.
The highest average values suggest a group with highly developed skills in these areas, indi-

cating individuals with strong competencies in technical, administrative, and language-related
skills.

Figure 8. Visualization of hard skills clusters
Source: author’s own analysis based on PARP data (2021a; 2021b)
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In the case of hard skills, Cluster 1 indicates a group with low hard skills, while Cluster 2
represents individuals with high competencies in these areas. On the other hand, Cluster 0
may represent the general population of workers with average technical competencies (see
Figure 8).

Although these findings are derived from the Polish labour market, similar competency pat-
terns have been observed in EU-wide labour studies (OECD, 2022). This suggests that the iden-
tified skill clusters may be relevant in other labour markets with similar workforce structures
and educational systems, providing broader applicability for competency-based workforce
planning.

10. Conclusions

The main aim of this study was to examine the relationship between key skills and the em-
ployability of young people by identifying the most significant competency clusters using PCA
and k-means clustering. The study focused on analysing the balance between technical vo-
cational skills and personal characteristics such as communication, teamwork, creativity,
and problem-solving abilities to determine their role in career success.

PCA was used to reduce the dimensionality of the data while retaining most of the da-
ta’s variability. By transforming correlated variables into orthogonal components, PCA
enabled a clearer identification of skill groupings relevant for workforce segmentation.
The k-means clustering method was employed to group the data, enabling the identifica-
tion and analysis of distinct competency profiles among young workers. As a result, these
statistical methods facilitated the efficient analysis of large datasets and provided a struc-
tured framework for skill categorisation, supporting labour market planning.

The clustering revealed three main competency groups, each representing different lev-
els of soft and hard skills. Cluster 1 was characterised by a high level of soft skills, Cluster 2
by an intermediate level, while Cluster 3 exhibited deficits in key interpersonal competencies.
The differentiation in hard skills followed a similar pattern, with varying degrees of tech-
nical proficiency defining cluster boundaries. Such significant associations between indi-
vidual competencies can be useful in designing targeted training programmes, optimising
recruitment processes, and structuring skill development policies at institutional and na-
tional levels.

The study identified the strongest correlations between soft and hard skill sets, reinforcing
the argument that both domains are interdependent in modern employment contexts.

The results confirm that while technical competencies remain crucial, the ability to com-
municate effectively, collaborate, and adapt to dynamic work environments is equally signifi-
cant in securing stable employment. Furthermore, this research reinforces the need for an in-
terdisciplinary approach in competency-building, where a combination of technical expertise
and interpersonal effectiveness enhances employability and career growth.
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The study also reaffirms the need for continuous learning and professional develop-
ment as the labour market undergoes profound transformations due to automation, dig-
italisation, and globalisation. The ability to learn throughout one’s life has emerged as
a fundamental requirement, particularly in light of increasing job automation and shifting
employment patterns. This aligns with research from the World Economic Forum (2021),
which predicts that over 50% of employees will require significant upskilling by 2030 due
to the impact of automation and Al

As mentioned earlier, the findings underscore the necessity for revising educational
and training curricula to align with market needs. There is a call for the implementation
of competency-based learning models that integrate technical proficiency with cognitive and so-
cial abilities, ensuring that graduates are adequately prepared for workforce demands.

To address the challenges identified in this study, targeted actions ought to be imple-
mented across different sectors of the labour market. Policymakers should focus on de-
veloping competency-based workforce strategies that emphasise continuous learning
and cross-disciplinary skill development. One approach is to create subsidised training pro-
grammes aimed at young individuals with lower competency levels, particularly in soft skills
such as communication, teamwork, and problem-solving. Educational institutions play a cru-
cial role in shaping the future workforce. It is essential to redesign curricula to integrate both
technical and soft skills, ensuring that graduates possess a balanced set of competencies. Ex-
panding partnerships with industries can further enhance training programmes, aligning edu-
cation with real-world labour market demands and increasing students’ employability. For em-
ployers, investing in employee development through tailored upskilling programmes can help
bridge competency gaps. Special emphasis should be placed on enhancing skills in communi-
cation, adaptability, and digital literacy, which are increasingly valued in modern workplaces.
Providing structured training initiatives can not only improve workforce productivity but also
facilitate smoother transitions for young employees entering the labour market.

The research confirms that skill-based segmentation in the labour market is a critical fac-
tor influencing employability, as demonstrated through the application of Principal Compo-
nent Analysis (PCA) and k-means clustering. These methods enabled the identification of dis-
tinct competency clusters, highlighting the interplay between soft and hard skills in shaping
workforce adaptability. Unlike previous studies, which often focused on either technical or
interpersonal skills in isolation, this approach provides an integrated perspective, offering
a more nuanced understanding of competency-based labour market segmentation. Employ-
ers increasingly prioritise a balance between technical acumen and interpersonal capabilities,
reinforcing the necessity for holistic professional development strategies.

This study provides valuable guidance for educators and trainers regarding the most de-
sirable skills in the labour market, which is essential for shaping effective training and edu-
cational programmes. Future studies should explore longitudinal data to track competency
evolution over time and assess how emerging industries reshape skill demands. It is necessary
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to investigate how technological evolution, changes in the labour market structure, and glob-
al trends impact required skills. Additionally, studying the influence of factors such as glo-
balisation and demographic changes is valuable.

While this study provides valuable insights into the competencies of young adults in the la-
bour market, several limitations should be acknowledged. The time frame restriction is an im-
portant factor, as the analysis is based on data collected in 2021, reflecting a specific economic
and post-pandemic context. Future research should examine labour market shifts in the after-
math of the pandemic to determine how skill demands continue to evolve in response to tech-
nological advancements and changing employment structures. Tracking competency evolution
over time through longitudinal studies could provide deeper insights into how workers adapt
to emerging industry needs. Although the study offers a comprehensive perspective on young
adults’ competencies, certain aspects of skill evolution and industry-specific requirements may
require further exploration in future research.

Another limitation concerns the regional scope of the study, which focuses exclusively on Po-
land. Although some findings align with broader EU labour trends, conducting cross-country
comparisons would offer a more comprehensive perspective on how competency dynamics vary
across different economic and cultural environments. Expanding the research beyond national
borders could enhance the generalizability of the results and inform international workforce
policies. Studies by Eurostat and the European Centre for the Development of Vocational Train-
ing (CEDEFOP) indicate that national labour market conditions significantly influence skill mis-
matches, highlighting the importance of international comparisons.

Additionally, industry-specific analysis is needed to better understand how skill require-
ments differ across various economic sectors. Future studies could provide a sectoral break-
down, identifying distinct competency needs in industries such as high-tech, services, and manu-
facturing. As previous research suggests, the digital transformation is accelerating in industries
like finance and healthcare, while manufacturing continues to demand specialized technical
skills (OECD, 2022). Such an approach would offer more tailored recommendations for training
programmes and workforce development strategies, ensuring that skill-building efforts align
with sector-specific demands.
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Appendix 1. Correlation matrix

Appendix 1.1. Soft skills correlation matrix

k11 | k12 | k13 | k14 | k15 | k16 | k17 | k18 | k19 | k21 | k22 | k24 | k25 | s11

ki1 |1 0.54 | 049 | 044 | 049 | 044 | 044 | 048 | 0.37 | 0.45 | 0.46 | 0.32 | 0.35 | 0.16

k12 | 054 |1 0.57 | 0.55 | 0.61 | 0.50 | 0.46 | 0.53 | 0.39 | 0.50 | 0.47 | 0.31 | 0.36 | 0.19

k13 | 049 | 0.57 | 1 0.51 | 0.56 | 0.48 | 0.47 | 0.55 | 0.41 | 0.52 | 0.49 | 0.33 | 0.33 | 0.21

k14 | 044 | 055|051 |1 0.64 | 0.46 | 0.41 | 0.50 | 0.34 | 0.46 | 0.44 | 0.25 | 0.26 | 0.15

k15 | 049 | 0.61 | 0.56 | 0.64 | 1 0.51 | 0.47 | 0.54 | 0.39 | 0.51 | 0.45 | 0.28 | 0.32 | 0.19

k16 | 044 | 050|048 | 046 | 051 |1 0.55 | 0.54|0.39 | 046 | 047 | 0.26 | 0.31 | 0.17

k17 | 044 | 046 | 047 | 041 | 047 | 055 |1 0.67 | 0.35| 0.40 | 047 | 0.25 | 0.25 | 0.11

k18 | 0.48 | 0.53 | 0.55 | 0.50 | 0.54 | 0.54 | 0.67 | 1 0.42 | 0.47 | 0.50 | 0.28 | 0.28 | 0.15
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k11 | k12 | k13 | k14 | k15 | k16 | k17 | k18 | k19 | k21 | k22 | k24 | k25 | s11
k19 |0.37 039|041 | 034|039 (039 |035|042 | 1 0.42 | 0.40 | 0.33 | 0.29 | 0.23
k21 | 0.45 | 0.50 | 0.52 | 0.46 | 0.51 | 0.46 | 0.40 | 0.47 | 042 | 1 0.58 | 0.34 | 0.33 | 0.15
k22 | 0.46 | 0.47 | 049 | 0.44 | 0.45 | 0.47 | 0.47 | 0.50 | 0.40 | 0.58 | 1 0.31 | 0.29 | 0.15
k24 |0.32|0.31|0.33|0.25|0.28|0.26 |0.25|0.28|0.33|0.34|031|1 0.53 | 0.17
k25 | 0.35|0.36|0.33|0.26 | 0.32 | 0.31 | 0.25 | 0.28 | 0.29 | 0.33 | 0.29 | 053 | 1 0.19
s11 | 0.16 | 0.19 | 0.21 | 0.15 | 0.19 | 0.17 | 0.11 | 0.15 | 0.23 | 0.15 | 0.15 | 0.17 | 0.19 | 1

Source: author’s own analysis based on PARP data (2021a; 2021b)

Appendix 1.2. Hard skills correlation matrix

k01 | k02 | k03 | k04 | k05 | k06 | k07 | k08 | k09 | k10 | k23 | k20 | w9 | d11
ko1 |1 0.60 | 0.53 | 049 | 0.33 | 0.20 | 0.52 | 0.46 | 0.27 | 0.33 | 0.54 | 0.50 | 0.32 | 0.25
k02 | 0.60 | 1 0.57 | 048 | 0.36 | 0.22 | 0.50 | 0.41 | 0.29 | 0.41 | 0.51 | 0.43 | 0.31 | 0.24
k03 | 0.53 | 0.57 | 1 0.76 | 0.31 | 0.16 | 0.48 | 0.50 | 0.27 | 0.39 | 0.50 | 0.53 | 0.42 | 0.30
k04 | 0.49 | 048 | 0.76 | 1 0.35|0.23 | 044 | 0.56 | 0.24 | 0.29 | 0.43 | 0.53 | 0.37 | 0.27
k05 |0.33/036|031|035]|1 0.69|0.32|0.32| 013 | 0.30|0.23 |0.21 | 0.12 | 0.28
k06 | 0.20 | 0.22 | 0.16 | 0.23 | 0.69 | 1 0.20 | 0.24 | 0.06 | 0.23 | 0.11 | 0.08 | 0.05 | 0.25
k07 | 0.52 | 0.50 | 048 | 0.44 | 0.32 | 0.20 | 1 0.55 | 0.23 | 0.30 | 0.53 | 0.49 | 0.29 | 0.21
k08 | 046 | 0.41 | 0.50 | 0.56 | 0.32 | 0.24 | 0.55 | 1 0.23 | 0.25|0.39 | 048 | 0.30 | 0.21
k09 | 0.27 | 0.29 | 0.27 | 0.24 | 0.13 | 0.06 | 0.23 | 0.23 | 1 0.22 | 0.30 | 0.28 | 0.22 | 0.07
k10 | 0.33 | 041 | 0.39|0.29 | 0.30 | 0.23 | 0.30 | 0.25 | 0.22 | 1 0.33 | 0.22 | 0.19 | 0.21
k23 | 0.54 | 0.51|0.50| 043 | 0.23 | 0.11 | 0.53 | 0.39 | 0.30 | 033 |1 0.48 | 0.35 | 0.19
k20 | 0.50 | 043 | 0.53 | 0.53 | 0.21 | 0.08 | 0.49 | 0.48 | 0.28 | 0.22 | 048 | 1 0.33 | 0.23
w9 0.32 031|042 | 0.37 | 012 | 0.05 | 0.29 | 0.30 | 0.22 | 0.19 | 0.35 | 0.33 | 1 0.21
di1 | 0.25 | 0.24 | 0.30 | 0.27 | 0.28 | 0.25 | 0.21 | 0.21 | 0.07 | 0.21 | 0.19 | 0.23 | 0.21 | 1

Source: author’s own analysis based on PARP data (2021a; 2021b)

FOE 1(370) 2025 https://www.czasopisma.uni.lodz.pl/foe/ 100




Magdalena Kawecka

Qualifications and Skills Versus Future Competencies of Young Adult Poles

Appendix 2. Loadings (weights)

Appendix 2.1. Soft skills loadings

PC1 PC2 PC3 PC4 PC5 PCé6 PC7 PC8 PC9 PC10 PC11 PC12 PC13 PC14
k11 -0.302 | -0.092 | -0.008 0.124 | -0.217 | -0.014 0.227 0.337 | -0.202 0.720 | -0.199 | -0.153 0.156 0.160
k12 -0.293 | -0.095 0.027 0.171 | -0.120 0.337 0.166 0.168 | -0.545 | -0.534 | -0.115 0.015 0.273 | -0.145
k13 -0.27 0.112 0.144 | -0.058 | -0.470 0.036 0.585 | -0.072 0.449 | -0.175 0.104 | -0.112 | -0.239 | -0.095
k14 -0.262 | -0.018 0.094 0.534 0.171 | -0.460 0.043 | -0.011 0.098 | -0.042 | -0.288 0.491 | -0.145 | -0.193
k15 -0.284 | -0.109 0.007 0.467 0.290 | -0.081 | -0.152 0.078 0.170 | -0.131 0.349 | -0.615 | -0.021 0.149
k16 -0.329 0.141 | -0.129 | -0.103 0.128 0.300 | -0.116 0.226 | -0.102 | -0.030 0.109 0.294 | -0.608 0.441
k17 -0.309 0.173 | -0.270 | -0.253 0.240 0.172 | -0.175 0.231 0.188 0.106 | -0.148 | -0.139 | -0.068 | -0.688
k18 -0.309 0.244 | -0.271 | -0.137 0.206 0.001 0.108 | -0.057 0.316 | -0.059 0.101 0.268 0.638 0.321
k19 -0.252 | -0.099 | -0.125 0.232 | -0.481 0.293 | -0.518 | -0.477 0.111 0.136 | -0.006 0.096 0.053 | -0.044
k21 -0.284 0.184 0.169 | -0.220 | -0.096 | -0.392 | -0.075 | -0.125 | -0.398 0.117 0.627 0.110 0.021 | -0.216
k22 -0.287 0.238 0.098 | -0.276 0.103 | -0.249 | -0.042 | -0.441 | -0.200 | -0.099 | -0.524 | -0.359 | -0.096 0.213
k24 -0.199 | -0.469 0.290 | -0.374 | -0.202 | -0.260 | -0.361 0.383 0.227 | -0.212 | -0.109 0.042 0.097 0.115
k25 -0.180 | -0.466 0.429 | -0.140 0.442 0.344 0.208 | -0.349 0.043 0.203 0.069 0.120 0.010 | -0.080
s11 -0.058 | -0.558 | -0.696 | -0.134 | -0.006 | -0.244 0.223 | -0.184 | -0.112 | -0.057 0.058 | -0.015 | -0.141 | -0.007

Source: author’s own analysis based on PARP data (2021a; 2021b)
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Appendix 2.2. Hard skills loadings

PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9 PC10 PC11 PC12 PC13 PC14
k01 -0.361 | -0.134 0.020 0.185 0.096 0.116 0.046 0.060 | -0.193 0.160 | -0.567 0.616 0.133 | -0.082
k02 -0.336 | -0.065 0.218 0.237 | -0.226 | -0.130 0.036 0.409 0.080 0.409 | -0.067 | -0.379 | -0.355 | -0.307
k03 -0.320 | -0.118 | -0.129 | -0.309 0.241 0.007 | -0.388 | -0.029 0.351 0.003 0.302 0.352 | -0.465 | -0.089
k04 -0.322 0.106 | -0.168 | -0.376 0.276 0.061 | -0.049 | -0.073 0.290 0.333 | -0.169 | -0.358 0.525 | -0.021
k05 -0.278 0.512 0.076 | -0.132 | -0.045 | -0.104 0.114 0.141 | -0.191 0.166 0.064 0.077 | -0.178 0.697
k06 -0.210 0.560 0.043 | -0.245 | -0.045 | -0.141 0.069 0.103 | -0.237 | -0.388 0.050 0.069 0.075 | -0.569
k07 -0.307 | -0.090 | -0.190 0.443 | -0.032 | -0.227 0.122 0.172 0.110 | -0.047 0.571 0.178 0.441 0.039
k08 -0.298 0.018 | -0.180 0.307 0.306 | -0.182 0.336 | -0.337 0.203 | -0.410 | -0.259 | -0.257 | -0.286 0.085
k09 -0.123 | -0.170 0.607 | -0.270 | -0.187 0.159 0.491 | -0.062 0.386 | -0.149 0.085 0.146 0.086 0.042
k10 -0.212 0.231 0.266 0.285 | -0.368 0.097 | -0.425 | -0.637 0.053 0.078 0.036 | -0.026 0.079 | -0.024
k23 -0.303 | -0.254 0.108 | -0.035 | -0.101 0.264 | -0.409 0.343 | -0.130 | -0.546 | -0.109 | -0.257 0.125 0.242
k20 -0.277 | -0.235 | -0.171 | -0.125 0.010 0.459 0.294 | -0.269 | -0.536 0.134 0.319 | -0.148 | -0.127 | -0.091
w9 -0.128 | -0.404 | -0.009 | -0.346 | -0.26 -0.710 | -0.037 | -0.218 | -0.261 | -0.002 | -0.078 | -0.016 0.049 0.059
di1 -0.031 0.055 | -0.592 | -0.117 | -0.677 0.175 0.145 0.047 0.280 | -0.062 | -0.163 0.076 | -0.064 0.020

Source: author’s own analysis based on PARP data (2021a; 2021b)
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Kwalifikacje i zdolnosci w kontekscie przysztych kompetencji

Streszczenie:

Stowa kluczowe:

JEL:

Artykut skupia sie na analizie kompetencji i zdolnosci mtodych dorostych
Polakéw w kontek$cie dynamicznie zmieniajgcego sie rynku pracy. W ob-
liczu postepu technologicznego, globalizacji i zmian demograficznych ba-
danie koncentruje sie na zrozumieniu, jak mtodzi dorosli moga dostoso-
wac swoje umiejetnosci do przysztych wymagan zawodowych. Badanie
opiera sie na danych z Bilansu Kapitatu Ludzkiego z 2021 roku. W badaniu
zastosowano analize gtownych sktadowych (PCA) oraz metode klastery-
zacji k-Srednich. Celem opracowania jest zidentyfikowanie kluczowych
umiejetnosci i kompetencji, ktére bedg miaty wpltyw na szanse miodych
ludzi na rynku pracy w przysztosci. Artykut podkresla znaczenie zaréwno
technicznych umiejetnos$ci zawodowych, jak i cech osobistych, takich jak
komunikacja, zdolnos$¢ do pracy zespotowej, kreatywnos¢ oraz podejscie
do rozwigzywania probleméw. W kontekscie rynku pracy te umiejetnosci
sg kluczowe dla zdolnos$ci pracownikéw do efektywnego wykonywania
zadan i osiggania sukceséw zawodowych.

kwalifikacje, umiejetnosci, mtodzi ludzie, k-Srednie, PCA
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