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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 AI-assisted recruitment systems and can facilitate the 
implementation of transparent and scalable candidate screening in actual organizational 
environments.
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Аннотация. Қазіргі жұмысқа қабылдау процестері өтінімдердің 
жоғары көлемімен ерекшеленеді. Бұл жағдай кандидаттарды жүйелі және 
объективті тұрғыда бағалауды айтарлықтай қиындатады. Автоматтандырылған 
сәйкестендіру құралдары негізінен мәтіндік ұқсастыққа немесе үміткердің 
жарамдылығын дербес бағалауға сүйенеді, алайда аталған тәсілдер нақты іріктеу 
кезіндегі салыстырмалы бағалаудың мәнін толық қамти алмайды. Осы зерттеуде 
үміткерлерді салыстырмалы бағалауға арналған контекстік мәтіндік модельдерді, 
ESCO жіктемесіне негізделген дағдыларды стандартталған сәйкестендіруді, 
біліктіліктерді нақты салыстыруды және ранжирлеуді оңтайландыруды өзара 
кіріктіретін гибридті шешім қабылдау жүйесі ұсынылады. Жұмыстың мақсаты 
- модель архитектурасын құру және оны «түйіндеме - вакансия» жұптарына 
негізделген деректер жиынтығында сынақтан өткізу және әртүрлі ақпарат 
көздерінің алынған нәтижелерге тигізетін әсерін талдау. Ұсынылған тәсіл ең сәйкес 
үміткерлерді анықтау барысында жоғары тиімділік, болжамның тұрақтылығы және 
базалық әдістермен салыстырғанда жетілдірілген ажырату қабілеті тұрғысынан 
өзін-өзі дәлелдеді. Зерттеу нәтижелері семантикалық талдауды құрылымдалған 
құзыреттер шектеулерімен үйлестірудің жұмысқа қабылдау шешімдерін дәлірек 
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модельдеуге жол ашатынын растайды. Көпкритерийлі ранжирлеу рекрутинг 
саласындағы жасанды интеллектке негізделген шешімдерді қолдау жүйелерінің 
практикалық тірегіне айнала алады және үміткерлерді іріктеудің мөлдір әрі 
ауқымды тетігін қамтамасыз етеді деген қорытындыға келуге болады.  

Түйін сөздер: түйіндеме мен вакансияны сәйкестендіру, ранжирлеуді 
үйрену модельдері, ESCO дағдылар жіктемесі, SBERT ендірмелері, белгілер 
инженериясы, рекрутинг аналитикасы 
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Аннотация. На сегодняшний день процесс найма сопровождается 
значительным потоком заявок, что затрудняет детальную и беспристрастную 
оценку кандидатов. Автоматизированные инструменты часто полагаются на 
простое текстовое сходство или независимые оценки их пригодности, которые 
не учитывают фактические условия на рынке труда.  Данное исследование 
предлагает гибридную систему принятия решений, совмещающую контекстные 
текстовые представления, стандартизированное сопоставление навыков на 
основе классификации ESCO, соответствие квалификациям и оптимизацию 
ранжирования для более точной оценки кандидатов. Цель работы заключается в 
создании архитектуры модели и ее тестировании на парных наборах «резюме - 
вакансия» и исследовании влияния различных источников данных на итоговое 
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качество.  Предложенный метод показывает высокую эффективность в выделении 
наиболее подходящих кандидатов, стабильность прогнозов и улучшенную 
способность различать соответствия в сравнении с традиционными подходами. 
Результаты исследования показали, что семантический анализ, в сочетании со 
структурированными требованиями к компетенциям, более точно транслирует 
реальное принятие решений в сфере найма. Как итог можно утверждать, что 
многокритериальное ранжирование может служить практической основой для 
систем поддержки принятия решений в найме, обеспечивая прозрачность и 
воспроизводимость процесса подбора кандидатов в организациях.

Ключевые слова: сопоставление резюме и вакансий, модели обучения 
ранжированию, классификация навыков ESCO, эмбеддинги SBERT, инженерия 
признаков, аналитика рекрутинга

Для цитирования: Б.А. Кумалаков, А.О. Даргулова (2026). Гибридный подход 
к автоматизированному подбору кандидатов на основе сопоставления резюме 
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(На Каз.).
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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 
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rely on (Le et al., 2019; Raghavan et al., 2020). This disparity between technological ca-
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 AI-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-
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ent ranking and explicit identification of competency gaps.
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 
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document formats (Le Wrang et al., 2014). Additional competency data is analyzed 
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 & Vraneš, 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 AI-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 
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combining multiple information sources will result in improved accuracy and 
transparency of the automated candidate evaluation process.

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 
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contributor were extracted via noun phrase extraction using spaCy, which provided 1523 
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.

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 
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applicants’ qualifications through a limited pool of applicants and thus have limited 
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. 

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 
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textual information together in modeling person-job fit, but further support the idea that 
combining structured and textual information provides more discrimination than using 
either form of information alone in competitive ranking scenarios.

Fig.4. Combined ROC and Precision-Recall Curves

 – Table 2 – Ablation Study Results Showing Impact of Different Feature Groups.
Configuration Features NDCG@5 Δ 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 
is 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.
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Further insight into the resume-job matching process was gained from experiments 
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 
decision quality and transparency, the framework provides a means 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 
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of training as well as by monitoring both the training and validation sets for early 
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 AI-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 
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this comparative process and identify competency gaps between candidates and job 
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 
AI-assisted recruitment systems that can support complex hiring decisions in today’s 
digital labor market.
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