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Abstract. In recent years, modern recruitment processes have generated an
increasing number of job applicant submissions, and this is resulting in a growing
need for developing a method for evaluating job applicant submissions consistently. In
addition to surface text similarities used by automated matching tools and independent
suitability prediction, there has been no method developed that captures how job
applicants are compared during actual selection processes. This study proposes a hybrid
decision-making methodology combining three components of contextualized text
representations; standardized skill alignments through use of the ESCO classification
system; explicit qualifications matching; and ranking based optimizations to enable the
comparison of job applicants relative to one another. This study focuses on creating
the model’s architecture, testing the model on a data set of resumes paired with job
postings and investigating how different information sources affect performance. The
results demonstrate strong capability in identifying relevant candidates, stable predictive
behavior and better discrimination than the baseline methodologies. Furthermore, the
results also suggest that when semantic understanding is combined with structured
competency constraints, a more reliable representation of hiring decisions can be
produced. Therefore, this research concludes that multi-criteria ranking offers a viable
basis for the development of Al-assisted recruitment systems and can facilitate the
implementation of transparent and scalable candidate screening in actual organizational
environments.

Keywords: resume-job matching, learning-to-rank models, ESCO skills

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License
494



INTERNATIONAL JOURNAL OF INFORMATION AND COMMUNICATION TECHNOLOGIES 2026. Vol. 7. Is. 1 (25).

taxonomy, SBERT embeddings, feature engineering, recruitment analytics

For citation: B.A. Kumalakov, A.O. Dargulova (2026). A hybrid framework for
resume-job matching system // International journal of information and communication
technologies. Vol. 7. No. 25. Pp. 494—-508. https://doi.org/10.54309/1JICT.2026.25.1.029.
(In Kaz.).

Conflict of interest: The authors declare that there is no conflict of interest.

TYUIHIEMEJEP MEH BAKAHCHUSIJIAPJIBI ABTOMATTAHJIBIPBLIIFAH
COUKECTEHAIPYT'E HETI3JIEJITEH TUBPUIATI YMITKEPJIEPII
IPIKTEY KYHUECI

b.A. Kymanaxos, A.O. /lapeynosa’
Astana IT University, Acrana, KazakcraH.
E-mail: 242836(@astanait.edu.kz

KymanakoB Boaatrixkan — PhD Mudopmaruka, «Kacanasl HHTEIUIEKT JKOHE JEpEK-
Tep FBUIBIMBI » MEKTEOiHIH KaybIMJIACThIphUTFaH mpodeccopsl, Astana IT University,
Actana, Kazakcran

https://orcid.org/0000-0003-1476-9542;

JapryioBa Apy:xkaH — Marucrtpant, JKacaHabl MHTEIUIEKT KOHE JACPEKTEP FbIIbIMBI
MmekTe0i, Astana IT University, Actana, Kazakcran

E-mail: 242836(@astanait.edu.kz, https://orcid.org/0009-0004-0088-0543.

© b.A. Kymanakos, A.O. [laprynosa

AnnoTtanusi. Kazipri kympicka KaObUIgay mporecTepi  OTIHIMACPIIH
KOFaphl KeJIeMIMEH epekiieneHeni. byn »xarmail KaHIumaTTapabl >KyHedl >KoHe
OOBEKTHUBTI TYpFbIIa Oaranayabl alTapibIKTail KUbIHIATaIbl. ABTOMATTAaHABIPbUIFaH
COMKEeCTeH/IIpYy Kypaijaapbl HETI3IHEH MOTIHIIK YKCACTBIKKA HEMece YMITKEpIiH
KapaMIbUIBIFBIH JIepOec Oaranayra cyleHesl, anaiia atajaral ToCUIIEep HAKTHI ipikTey
KE31HJIET1 CaJbICTRIPMaITbl Oarasay/IbIH MOHIH TOJIBIK KaMTH anMaiiibl. Ochl 3epTTeye
YMITKepJep/i calbICTRIpMalibl OarasiayFa apHajJFaH KOHTEKCTIK MOTIHAIK MOAEIbACP/II,
ESCO xikremeciHe Heri3feireH Marapliapibl CTaHAApTTaIFaH COWKECTEHIIPYi,
OUTIKTUTIKTEpl HAKTBI CATBICTBIPY/IBI JKOHE PAHXKUPICYJI OHTAWIAHABIPYABI ©3apa
KipiKTipeTiH rHOpHATI memimM KaObpuiiay Kyieci YChHbUIaAbl. JKYMBICTBIH MaKcaThl
- MOJIENIb apXHUTEKTYypachlH KYpY JKOHE OHBI «TYHiHAEME - BaKaHCHS» JKYITapbIHA
HETI3eNITeH JIEPEKTEp KUBIHTHIFBIH/IA CBIHAKTAH OTKI3y JKOHE OPTYpJi akmapar
KO3/IepiHiH aTbIHFaH HOTHIKEJIEPTe TUT13ETiH 9CepiH Tasigay. ¥ ChIHBIIFAaH TOCLI €H COlKec
YMITKepJiep/i aHbIKTay OapbICBIH 1A XKOFapbl THIMLTIK, 00JIKaMHBIH TYPAKTbUTBIFbI )KOHE
0a3anbIK 9MIICTEPMEH CaJBICTBIPFAH/IA KETULMIPUIreH aKpIpaTy KaOileTi TYpPFhICHIHAH
©31H-031 Jonenaeni. 3epTTey HOTHXKENepl CEMaHTHKAIIBIK TalAayAbl KypbUIBIMIAIFaH
KY3BIPETTep MICKTEYJIEPIMEH YIICCTIPYIiH KYMBICKA KaObUIAAY MICHTIMACPIH IdTIpeK
MOJICNIBJICYT€ KOJ aIIaTBIHBIH pacTaipl. KenkpuTepuiini pamxupiey peKpyTHHT

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0

International License
495



INTERNATIONAL JOURNAL OF INFORMATION AND COMMUNICATION TECHNOLOGIES 2026. Vol. 7. Is. 1 (25).
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ayKBIMJIBI TETIT1H KaMTaMachl3 €Te/l JJereH KOPBIThIHABIFA KeIyre 00Ia bl
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AnHoTanusi. Ha ceronHsmHuii JeHb TMpollecC HaliMa COIMPOBOXKIACTCA
3HAYUTENBHBIM ITOTOKOM 3asBOK, YTO 3aTPYAHSET ACTATbHYIO U OECIPUCTPACTHYIO
OLCHKY KaHAWIATOB. ABTOMaTI/I3I/Ip0BaHHBIe HHCTPYMCHTBI 4YaCTO IOJIAararoTCsa Ha
MIPOCTOE TEKCTOBOE CXOJICTBO WJIM HE3aBHCHUMBIC OLICHKH MX MPUTOAHOCTU, KOTOPHIC
HE YYHTHIBAIOT (DaKTHUECKHE YCJIOBHS Ha pPbIHKE Tpyna. JlaHHOe HCClieJJoBaHHE
npeiaraeT THOPUIHYIO CHCTEMY TPUHSATHS PEIICHUH, COBMEIIAIONIYI0 KOHTEKCTHBIC
TCKCTOBBIC IPCACTABJICHHA, CTAHAAPTHU3UPOBAHHOC COIIOCTABJICHUC HABBIKOB Ha
ocHoBe Kkimaccupukammu ESCO, coorBeTcTBHE KBATH(DHUKAIMAM W ONTHMHU3AIUIO
pamKHpOBaHUS I O0Jee TOYHOW OlleHKH KaHauaaToB. Llens paboThl 3akimodyaercs B
CO3/IaHUU aPXUTEKTYPHI MOJICIIH U €€ TECTHPOBAHUM HA MAPHBIX HAOOpax «pe3rome -
BaKaHCU» W UCCIICAOBAHWUN BJIMAHUA PA3JIMYHBLIX MCTOYHHMKOB AAHHLIX HAa UTOIOBOC
KadecTBO. [IpenoxKeHHbI METOT TOKAa3bIBAET BHICOKYIO 3(P(PEKTUBHOCTD B BBIJICIICHUH
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HanOosiee TOAXOMAIIMX KAaHAWIATOB, CTA0MJIBHOCTh IPOTHO30B U YIIYYIICHHYIO
CMOCOOHOCTh Pa3iNyaTh COOTBETCTBUS B CPAaBHEHHH C TPATUIIMOHHBIMH TOAXOJAMH.
Pe3synbTarsl MccnenoBaHus MoKa3aiaM, YTO CEMAHTUYECKUN aHAIU3, B COYETAHUM CO
CTPYKTYPHUPOBAaHHBIMU TPEOOBAaHUSAMU K KOMIIETEHIMSIM, 0OJiee TOYHO TPAHCIUPYET
peanbHOE NpPUHATHE pemeHui B cdepe HaiiMa. Kak WUTOr MOXKHO YTBEpXKAATh, YTO
MHOTOKPUTEpPUAIBHOE PAHKUPOBAHUE MOXKET CIIYKUTh MPAKTUYECKOW OCHOBOM IS
CUCTEM NOJJECPXKKU TNPUHATUS pEIICHUN B HaiimMe, oOecneduBas MPO3PAYHOCTh U
BOCIIPOM3BOAMMOCTD IpoIiecca NoA00opa KaHAWAATOB B OPTraHU3ALIUsAX.

KiroueBble cjI0Ba: COMOCTaBICHHE PE3IOME M BAaKAaHCHA, MOJENU O0y4deHHUs
pamkupoBaHuio, kiaccudukanus HaBblkoB ESCO, smOenmuaru SBERT, umxenepus
MIPU3HAKOB, AHAJIUTUKA PEKPYTHHTa

Jas uuTupoBanus: b.A. Kymanako, A.O.  Jlaprymosa (2026).
I'uOpuaHbBIT TOAXOJ K aBTOMATH3UPOBAHHOMY TOJ00PY KaHAMIATOB HA OCHOBE
COITOCTABJICHHUS pe3lOMe M BaKaHCHH // MexXayHapoIHBIN KypHaAJI HHPOPMAIIMOHHBIX U
KOMMYHHKAIMOHHBIX TexHomorui. T. 7. Ne. 25. Ctp. 494-508. https://doi.org/10.54309/
1jict.2026.25.1.029. (Ha Kas.).

KoH(pIuKT uHTepecoB: aBTOPHI 3asBISAIOT 00 OTCYTCTBHM KOH(JIHMKTA
HUHTEPECOB.

Introduction.

Digital recruitment platforms now allow companies to find and assess potential
employees more quickly than ever before. Companies receive numerous resumes for
one position, yet can interview only a few. As a result, most companies utilize var-
ious forms of automated screening software to help them narrow their search down
to the top candidates. Although early versions of screening software were based on
keywords and manually created rules, they did not work well if a resume contained dif-
ferent vocabulary or formatting than expected by the applicant tracking system (ATS)
(Faliagka et al., 2011, 2012). More recent studies applied machine learning and neu-
ral language models such as BERT (Barducci et al., 2022) to capture the relationships
between resumes and job postings (Qin et al., 2018). Nevertheless, despite advance-
ments in resume-screening technology, there still exists a fundamental issue that pre-
vious studies have been unable to resolve. How do we create a model that compares
candidate qualifications against each other, and considers the formal requirements of
a position? The lack of a solution to this problem is what drives this current study.

Automated resume-job matching continues to gain popularity as it can potentially
make the recruiting process faster, and less biased toward individual preferences. How-
ever, the current body of literature does not provide a complete framework that utilizes
semantic comprehension of text, standardized representations of competencies, explicit
models of structured candidate attributes, and an interpretable ranking of candidates.
Many systems have many similarities, but many systems fail to convey the comparative
aspect of hiring decisions, and provide enough transparent reasoning for recruiters to
rely on (Le et al., 2019; Raghavan et al., 2020). This disparity between technological ca-
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pabilities and the actual recruiting needs further illustrates the relevance of developing
more inclusive decision-support models from both a theoretical and practical perspective.
A second unaddressed concern in the field of resume screening is the fragmen-
tation of skill representation. One skill may appear in several different textual represen-
tations in a resume and a job posting, which can lower the reliability of the matching.
Ontologies-based frameworks such as the European Skills, Competences, Qualifica-
tions and Occupations (ESCO) classification are designed to represent the relation-
ships between skills in a standardized manner and to provide a common vocabulary for
representing skills in resumes and job postings regardless of the vocabulary used (Le
Wrang et al., 2014). These frameworks do enhance consistency and facilitate compe-
tency analysis; however, they are not incorporated into semantic models and ranking
approaches. Additionally, the increasing number of Al-powered recruitment tools has
raised questions regarding transparency and accountability, and therefore the need for
decision-support systems that are interpretable (Raghavan et al., 2020).

This study’s focus is automated candidate evaluation in digital recruitment
environments. The focus of this study is a hybrid framework for resume-job match-
ing that combines semantic representations, structured competency analysis, and on-
tology-based skill normalization in a ranking model. The goal of this study is to de-
velop and empirically test an interpretable approach that enhances the accuracy and
transparency of candidate ranking compared to the existing single-method systems.

In order to accomplish the goals of this study, three main tasks will be accom-
plished:

1. An analysis of the limitations of existing matching methods.

2. Design of a hybrid feature representation that includes semantic similarity,
standardized skills, and structured attributes

3. Implementation of a learning-to-rank model that reflects comparative decision-
making.

4. Assessment of the performance, interpretability, and practical application of
the developed model.

The methodology of this study will include the utilization of transformer-based
language models for semantic representation, ontology alignment using the ESCO clas-
sification for skill normalization; feature engineering of structured candidate character-
istics; and gradient-boosted ranking algorithms with explainability techniques.

The working hypothesis of this study is that by incorporating multiple sources
of information (semantic, structured, and ontology-based) will yield more accurate and
interpretable candidate rankings than systems that rely solely on one form of representa-
tion. The scientific contribution of this study is to demonstrate how the above mentioned
components can be integrated into a unified decision-support framework. The practical
contribution of this study will be to determine whether the developed model will assist
recruiters in evaluating candidates in high-volume hiring scenarios through the transpar-
ent ranking and explicit identification of competency gaps.
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Materials and Methods.

Automated resume-job matching has been investigated as a comparative ranking
problem which is based on how recruiters work with multiple candidates competing
for one position. The early methods were using rule-based filtering and manually
defined rules, both provide transparency in their decision making process however have
severe limitations in processing candidate information with different terminology and
changing skills required (Faliagka et al., 2011, 2012). Machine learning models using
lexical representations and classification frameworks were then developed and showed
a lot of improvement over the previous methods by providing a more robust method of
candidate evaluation; although, most candidate evaluations are treated as independent
from each other (Qin et al., 2018; Bian et al., 2019). A few recent advancements in
neural language models have shown large improvements in the semantic understanding
of resumes and job descriptions (Reimers & Gurevych, 2019; Barducci et al., 2022)
however, many of these models do not take considered competency requirements or
comparative ranking mechanisms. Therefore, the current study will develop and evaluate
a hybrid framework that uses semantic similarity, standardized skill representations and
structured compatibility indicators within a learning-to-rank model.

The experimental setting was developed from a database of resume—job pairing
from the information technology field that was retrieved from online recruiting websites.
After data cleaning to ensure all resume—job pairings were complete and consistent,
there were 10,766 resume—job pairings derived from 873 job postings. In addition to
the considerable number of resume—job pairings, each job posting had an average of 12
resumes to allow comparison of the ranking of candidates in job specific groupings. To
preserve the technical expression of programming languages and tools used in the IT
domain, the documents were normalized, duplicate entries removed and preserved.

As stated earlier, candidate selection was framed as a learning-to-rank problem
where candidates are ranked in relation to other candidates vying for the same position.
(Burges, 2010, Lee 2024 and Valizadegan et al., 2009) have demonstrated the success of
learning-to-rank approaches in comparative decision making problems in Information
Retrieval Systems. Each resume—job pairing was represented by a feature vector that
consisted of a combination of semantic similarity, standardized skill overlap and
structural compatibility indicator(s).

The semantic similarity between two documents was quantified using
transformer-based sentence embeddings that capture relationships of context beyond
the overlap of words (Reimers & Gurevych, 2019; Barducci et al., 2022). The cosine
similarity between the vector representations of these embeddings is used as a measure
of topical alignment between the two documents. To handle the variation in skill-related
terms, competency phrases in resumes and job descriptions are linked to standardized
competency concepts within the ESCO (European Skills, Competences, Qualifications
and Occupations) taxonomy. Skill taxonomies provide consistent terminology for labor
market competencies and allow for the comparative analysis of skills across different
document formats (Le Wrang et al., 2014). Additional competency data is analyzed
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in the context of occupational frameworks, like O*NET, that define the relationship
between jobs, tasks and required skills (Peterson et al., 2001). Ontologies and ontology-
based methodologies for competency management and resume annotation guided the
normalization process (Karaa & Mhimdi, 2012; Janev & Vranes, 2011).

Structured attributes, which represent the explicit recruitment requirements, were
also extracted in addition to the semantic information. This includes the compatibility
of educational level, years of work experience, certifications, and seniority indicator.
While structured restrictions are commonly found in recruitment research, they are
typically poorly implemented in the purely semantic matching models (Rentzsch &
Staneva, 2020; Le et al., 2019). After normalizing the extracted attributes, all were then
combined with semantic and skill-based features into a single representation.

To determine which candidates would be ranked first based upon what is provid-
ed in each candidate’s resume, a gradient boosted decision tree model was employed in
this study. The model was optimized for ranking purposes, as well as other objectives.
The gradient boosting technique has been shown to provide high-quality results when
utilizing heterogeneous feature sets, as well as being effective for ranking tasks, primar-
ily because they are able to identify non-linear relationships between variables (Burges,
2010; Prokhorenkova et al., 2018). During training of the model, pairwise comparison
was made by comparing the job posting itself to each candidate to establish a higher
score for each candidate who is better suited to the particular job than the other candi-
dates applying for the same position.

Model performance was assessed using a variety of ranking metrics that re-
flect real-world recruitment scenarios, such as normalized discounted cumulative gain
(NDCG), mean reciprocal rank (MRR) and precision at top positions. NDCG measures
both how relevant a list of candidates is to a particular job opening, as well as where
those most relevant candidates appear in the list (Valizadegan et al., 2009). In addition,
additional experiments were completed by removing selected elements of the model to
evaluate the contributions of semantic, structured, and ontology-based features to the
quality of the rankings produced by the model.

Feature attribution was utilized to examine the interpretability of the model’s
decisions regarding which candidates should be ranked first, in terms of the degree
to which each feature contributed to the model’s prediction of which candidate would
receive the highest score (Lundberg & Lee, 2017). Additionally, competency gap
analysis was employed to compare the required skills listed in the job description with
the skills that can be found in the candidate resumes, allowing the researcher to identify
the missing competencies and provide recommendations to develop them. This approach
aligns with recent calls for transparent and accountable Al-based recruitment tools that
will minimize bias while supporting human decision making (Raghavan et al., 2020).

This study uses a methodological framework of integrating semantic analysis,
standardized competency representations, structured requirements, and ranking
optimization, thus providing a systematic means of evaluating the hypothesis that
combining multiple information sources will result in improved accuracy and
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transparency of the automated candidate evaluation process.
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Fig.1. Proposed Hybrid System Architecture.

Results and Discussion.

Dataset Characteristics. The training set consisted of 7,536 pairs and the test
and validation sets consisted of 1,615 pairs in each case. Each of these three sets had
a perfect class distribution of about 50% Fit and 50% Not Fit. In addition, the training
set contained 3,784 positive and 3,752 negative examples. It is important to maintain
such a distribution to not train models that learn spurious associations based upon class
frequencies instead of what really causes discrimination. Thus, all our evaluation metrics
for the model’s discriminative capability are independent of its potential exploitation of
base rates.

Extraction Method Skills Precision Recall Percentage (%)
Noun Phrases (spaCy) 1,523 0,84 0,68 46.9

SBERT 978 0,88 0,72 30.1

N-gram Frequency 412 0,76 0,52 12.7

RAKE 287 0,71 0,48 8.8

YAKE 234 0,78 0,54 7.2

Combined 3,247 0,92 0,87 100.0

Skill Extraction Results

A multi-method skill-extraction pipeline extracted a total of 3247 unique skill
phrases from the corpus following de-duplication and substring-filtering. The top
contributor were extracted via noun phrase extraction using spaCy, which provided 1523
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skills or 46.9 % of the total number of skills identified. This method had precision of 84
and a recall rate of 68 The second most successful method in terms of skill identification
was SBERT, which identified 978 skills or 30.1 percent of the total number of skills
identified; this method also demonstrated the best individual precision (.88) due to its
ability to identify skills that are semantically important yet may appear rarely in the text.
N-gram frequency mining identified 412 skills or 12.7 percent of the total number of
skills identified with precision of 76 and a recall rate of 52, providing effective means
to capture common technical acronyms yet missing low frequency terms. RAKE and
YAKE identified 287 and 234 skills, respectively; however both methods demonstrated
precision rates of 71 and 78, respectively, and were able to capture domain specific and
emerging terminology not typically identified by the other methods.

The overall combination of methods significantly outperformed each individual
method with a precision of 92 and a recall of 87 along with an overall F1 score of
784. Although the combination of methods resulted in a slight reduction in precision
relative to SBERT alone, the significant increase in recall justified the use of a multi-
method approach. Only 87 skills were identified by all five methods, demonstrating
universal expression of competencies such as Python, SQL, and project management.
The remainder of the 3160 skills identified were found to require at least one method
beyond the simple method to be captured. The results confirm that each method provides
non-overlapping coverage and that reliance upon a single method would result in a
substantial portion of the skill vocabulary being missed.

0.94 -

0.90 -

NDCG@k Score

—e— Train
—@— Valida
0.86 - —h— Test

25 50 75 10.0 125 15.0 175 2

Fig.2. NDCG@k Performance Across Different Cutoffs

The NDCG@K (Normalized Discounted Cumulative Gain) at K cutoffs shown
in Fig. 2 demonstrates the progression of the ranking quality based upon the increasing
number of candidates being evaluated as K increases. A prominent level of effectiveness
is achieved at the highest ranking positions; i.e., NDCG@1 = 0.895 and NDCG@5 =
0.916. Smaller incremental gains occur at the k = 10 position (NDCG@10 = 0.930).
This trend suggests that most of the most relevant candidates are listed among the
top ranked candidates, which is important since many recruiters evaluate potential
applicants’ qualifications through a limited pool of applicants and thus have limited
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opportunity to consider all qualified candidates. In comparison to previously reported
semantic-based matching techniques such as dense retrieval approaches (Yu et al.,
2025), the hybrid approach exhibits an enhanced capacity to identify the elements that
affect hiring decisions. Additionally, the concentration of the ranking signals in the top-
ranked positions demonstrate that candidate suitability is a function of the combination
of semantic fit, competency alignment, and structural requirements rather than any one
factor individually.

1000

Number of Samples

Predicted Predicted
No Fit Fit

Fig.3. Confusion Matrix for aggregated evaluation

The strength of the prediction is shown in Figure 3, with a confusion matrix of
the test data, with a strong diagonal showing the accuracy of identifying both suitable
and unsuitable candidate populations; 2187 true positives and 2234 true negatives,
with off-diagonal errors being small (189 false positives and 156 false negatives) to
indicate balance in performance. The data demonstrates better performance than the
classification-based methods used in prior recruitment research, where high levels of
recall were common but at the expense of low levels of precision. The framework is
providing a conservative level of risk tolerance, as would be expected in a screening
context. However, there are more false negatives indicating that the model prefers to
avoid recommending unsuitable candidates to the hiring manager’s top recommendations
list. This aligns with hiring managers’ preferences in the hiring process as they have less
preference for false positive, as those can be expensive.

The discriminatory ability of this framework is further demonstrated in figure
4 which displays both the combined receiver operating characteristic (ROC) and
Precision-recall curves for both full model and baseline models; the hybrid model
achieved an area under the curve (AUC) of 0.964 and demonstrates high Precision over
all recall values (average Precision or AP =0.921), indicating strong separation between
relevant and non-relevant candidates in evaluation. Lower separation of relevance
between candidates was observed in baseline models, supporting previous research
that structured data alone does not capture the complexity of evaluating candidate fit
to job openings. The findings also support previous research on using structured and
textual information together in modeling person-job fit, but further support the idea that
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combining structured and textual information provides more discrimination than using
either form of information alone in competitive ranking scenarios.

ROC Curves: Model Comparison Precision-Recall Curves: Model Comparison
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Fig.4. Combined ROC and Precision-Recall Curves

Table 2 — Ablation Study Results Showing Impact of Different Feature Groups.

Configuration Features NDCG@5 A from Full | % Decrease
Full Model All 6 features 0.916 - -

No Semantic ESCO, edu, exp, cert, sen, dom 0.873 -0.043 -4.7%

No ESCO Semantic, edu, exp, cert, sen, dom | 0.901 -0.015 -1.6%

No Structured Semantic, ESCO 0.884 -0.032 -3.5%
SBERT only Semantic 0.798 -0.118 -12.9%
ESCO Only ESCO 0.745 -0.171 -18.7%
Structured Only | edu, exp, cert, sen, dom 0.812 -0.104 -11.4%

The contributions of individual feature sets were analyzed in Table 2 using
an ablation study. In removing the skill normalization based on ESCO, it resulted in
decreased performance because of the varying competency representations generated
by use of various terminology. This supports previous research regarding the value of
standardizing skill taxonomies for improving the quality of labor-market analytics.
Removing structured compatibility indicators increased similarity scores for candidates
who lack necessary qualifications. This demonstrates that semantic alignment alone will
generate erroneous rankings when combined with constraint modeling (i.e., when there
1s no model constraint). Removing semantic features produced the greatest decrease in
performance, which suggests that the context of job descriptions is critical to evaluating
resumes. Collectively, the results demonstrate that the hybrid model’s improved
performance is derived from the synergy among its feature types rather than from a
single dominant feature set.

Further insight into the resume-job matching process was gained from experiments
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that did not include visual representations of the data. The results demonstrated that the
performance of the ranked lists was consistent across all job categories represented in
the dataset, and therefore, the framework may be applied to a wide variety of technical
jobs. Most misclassified candidates were those whose skills, although applicable, were
described using unconventional terminology, or partially met the requirements listed
in the job description. Misclassification also highlights the subjective nature of resume
evaluation. The results indicated that the importance of structured attributes increased in
senior-level positions, where formal education and work experience were emphasized;
however, the importance of semantic similarity increased in junior level positions that
placed greater emphasis on adaptable skills.

The study identified resume-job matching as a multi-faceted assessment issue
that includes contextually similar or dissimilar features, and competencies matched
on a standardized basis, and qualifications specifically stated in resumes. Prior to the
development of this framework, most candidate evaluations were treated independently
as classification problems. The comparative ranking approach adopted in the framework
represents the competitive nature of recruitment, in which candidates are evaluated relative
to one another. The framework incorporates multiple decision criteria and generates
interpretable rankings aligned with real-world hiring practices. In addition to improving
decisionquality and transparency, the framework provides ameans of integrating semantic,
structural, and ontology-based information. As such, the framework addresses some of
the limitations that have been identified in the development of automated hiring tools.

Prediction Calibration.

In addition to evaluating ranking performance, the value of the proposed
framework will depend upon whether a recruiter should trust predicted relevance scores
as actual probability estimates or simply treat them as relative rankings. The results of
the calibration analysis indicated that the model was producing very well calibrated
predictions. Predicted probabilities were equal to observed match frequency rates across
the entire 0-1 probability space (i.e., the model’s predictions did not appear to either
significantly overestimate or underestimate probability). Additionally, every calibration
point fell within +/—10 % of perfect calibration. Conversely, the baseline model had
significant overconfidence at higher predicted probabilities; i.e., the baseline model
frequently overestimated the likelihood of a good match for those candidates that it ranked
highest. The practical implications of this calibration quality are numerous, including
enabling recruiters to interpret model score predictions as representing 85 % chance that
the candidate is a good fit. Well-calibrated model scores also facilitate threshold based
automation (e.g., advance to secondary review all candidates receiving a model score
> x) with both predictable and auditable outcomes. Threshold-based automation may
be particularly valuable under current employment regulations in multiple jurisdictions
that require documentation justifying the basis for automated screening decisions.

Model Training Stability.

The model’s training behavior was tracked through each of the 1,000 iterations
of training as well as by monitoring both the training and validation sets for early
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stopping. Training loss continuously decreased as it converged to a single value after
about 600 iterations of training. Validation loss showed a similar trend as training loss
but had some small variability; its minimum occurred at the 750th iteration where early
stopping would be initiated (the best performing checkpoint up until then would be
retained). Early stopping did result in an only 0.5 percent difference in how well the
training and validation datasets performed in terms of NDCG@?5. At the time of early
stopping, the training NDCG@5 was 0.924 and the validation NDCG@5 was 0.919.
Given this similarity, the model can generalize as well as maintain stability in training
using all three types of data in the hybrid multi-source feature set including: semantic
embedding based data, ontology aligned skill representations and structurally-based
data representing attributes.

Finally, the results demonstrate that integrating complementary information
sources leads to significant improvements in automated candidate evaluations when
compared to evaluations made using singular methods. Furthermore, the study
demonstrates that effective resume-job matching requires the concurrent consideration of
multiple aspects of a candidate’s suitability for a particular position. The study identifies
the underlying structure of hiring decisions and establishes a basis for developing more
dependable Al-assisted hiring systems.

Conclusion.

This study views resume-job matching as a comparative decision-making
process and shows that modeling candidate evaluation as a learning-to-rank (L2R)
problem provides a model that better represents actual recruitment processes than
separate classification methods do. The hybrid system models many factors related
to candidate suitability through an integrated framework of contextual semantic
representations, ontology-based skill normalization using the ESCO taxonomy and
structural qualification constraints. The interactions among all three information types
result in consistent increases in the quality of rankings, discrimination capacity, and
calibration stability when comparing to the individual-method baselines.

The ablation and calibration analyses demonstrated that candidate evaluation
can be successful based on the reliability and interpretability of ranking signals and the
predictive accuracy of the model’s output. Model outputs that are well-calibrated allow
recruiters to view model scores as reasonable measures of candidate suitability instead
of viewing them as a set of abstract numbers. Such calibration will enable recruiters to
use decision thresholds to decide of which candidates are suitable to move forward in
the hiring process and facilitate auditable screening processes. Calibration is important
in large-scale recruitment settings due to the costs of false positives and false negatives.

In addition to improving performance, the framework provides methodological
clarity by representing the competitive nature of hiring decisions. Most traditional
systems for screening resumes treat candidates separately, while most hiring processes
compare candidates for the same position in relation to each other. The comparative
logic applied in the ranking formulation used in this study provides a way to represent
this comparative process and identify competency gaps between candidates and job
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requirements. Therefore, the usage of the system extends from screening to providing
decision support for workforce planning, targeted training, and talent development
strategies. However, the findings also suggest that there are limitations to the automation
of evaluations of human qualifications. Misclassifications typically occur due to non-
standard terminology, interdisciplinary skill profiles or partially met requirements.
These examples reflect the subjectivity and contextual nature of resume interpretation.
That is why, automated systems should serve as a tool to enhance human judgment and
not as a replacement for human judgment.

Future research would investigate the extent to which the proposed system can
generalize across different industries (cross-domain), whether the proposed system can
be adapted for international labor markets (multilingual), if fairness-conscious ranking
objectives can be developed, and whether the proposed system can accommodate
temporal changes in career trajectory to capture changing competencies. It may also
be beneficial to evaluate incorporating human-in-the-loop feedback mechanisms
to continuously align the model’s outputs to the organization’s hiring preferences.
Furthermore, the proposed hybrid ranking framework has established a theoretically-
sound and practically viable basis for developing transparent, scalable, and interpretable
Al-assisted recruitment systems that can support complex hiring decisions in today’s
digital labor market.
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