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IMPROVEMENT OF A SEMANTIC MOVIE RETRIEVAL METHOD BASED ON WEIGHTED
AGGREGATION OF MULTI-SOURCE EMBEDDINGS

The features of improving semantic movie retrieval were investigated by combining heterogeneous textual sources that describe
different aspects of film content. A weighted aggregation approach was analyzed using dense vector representations generated from
metadata, user reviews, and English subtitles on a dataset of 100 movies and 50 natural-language queries with predefined relevant
movies. Cosine similarity, Recall@5, Hit Rate@5, Mean Reciprocal Rank, bootstrap confidence intervals, and the Wilcoxon signed-
rank test were appliedto evaluate standalone and combined configurations. It was established that review-based embeddings achieved
the highest standalone effectiveness in semantic movie retrieval, with Recall@5 = 0.63, Hit Rate@5 = 0.90, and MRR = 0.78, out-
performing metadata and subtitle embeddings. It was found that reviews are better aligned with natural-language queries because
they contain evaluative descriptions, thematic summaries, emotional impressions, and references to narrative elements. It was deter-
mined that subtitle embeddings, despite the largest text volume, did not provide the best ranking quality of relevant movies because
dialogue contains filler phrases, context-dependent utterances, and semantically neutral fragments. It was confirmed that weighted
aggregation of heterogeneous textual representations improved retrieval effectiveness of relevant movies compared with standalone
representations: the balanced source-weight configuration configuration achieved the highest mean MRR = 0.89, whereas the revi-
ews-heavy configuration achieved the highest mean Recall@5 = 0.73. Statistical testing of the experimental results was conducted
and confirmed significant improvements of weighted configurations over the best standalone textual source for selected metrics; ho-
wever, the differences between the balanced and reviews-heavy configurations were not statistically significant. It was therefore
substantiated that, these configurations should be interpreted as comparable weighted strategies with different retrieval profiles. Qu-
ery categories were analyzed, and it was established that descriptive queries tend to align with metadata, subjective queries with revi-
ews, and contextual or character-based queries with several sources. The benefits of this study include determining the contribution
of metadata, reviews, and subtitles to semantic movie retrieval and confirming the effectiveness of weighted source combination. Fu-
ture research should extend the dataset, compare several embedding models, and develop adaptive query-dependent weighting strate-
gies.

Keywords: information retrieval; vector search; multi-source representation; cosine similarity; Mean Reciprocal Rank.

factual attributes such as genre, cast, and plot synopsis; re-
views reflect subjective audience perception and emotional
evaluation; subtitles preserve narrative context, character
interactions, and dialogue-level information. The hypothe-
sis motivating this research is that combining dense vector
representations from all three sources through weighted
aggregation should produce more robust retrieval than rel-
ying on any single source alone.

Recent advances in transformer-based text embedding
models have made it feasible to encode arbitrary-length text
into fixed-size dense vectors that can be compared effici-
ently via cosine similarity. Modern long-context embedders
such as Nomic Embed [4] support input lengths up to 8192
tokens, enabling direct processing of lengthy sources like
subtitle transcripts without excessive chunking. Combined
with vector similarity search infrastructure [10], these em-
beddings enable scalable semantic retrieval systems.

This paper proposes a semantic movie retrieval appro-
ach that generates dense embeddings for metadata, user re-

Introduction / Bctyn

The rapid growth of digital multimedia content, particu-
larly in streaming services, has created a pressing need for
effective methods of searching and retrieving relevant items
based on natural language queries. Traditional keyword-ba-
sed search techniques often fail to capture the semantic me-
aning of user queries, leading to suboptimal retrieval results
[11]. Movie search represents a particularly challenging do-
main, as users often describe films through subjective
impressions, plot fragments, character descriptions, or emo-
tional associations rather than precise titles or metadata
keywords. This ambiguity demands retrieval systems ca-
pable of understanding semantic similarity between free-
form queries and diverse textual representations of movies.

Movies are inherently multimodal objects described by
structured metadata, user-generated reviews, and dialogue
contained in subtitles. Each of these textual sources captu-
res a different semantic facet of a film: metadata encodes
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views, and subtitles using a single contrastive embedding
model, computes cosine similarity independently for each
textual source, and combines them through weighted aggre-
gation into a unified relevance score. The effectiveness of
the approach is evaluated on a test set of 50 queries across
four semantic categories — descriptive, subjective, contextu-
al, and character-based — using standard information retri-
eval metrics: Recall@K, Hit Rate@XK [5], and Mean Recip-
rocal Rank [14]. The experimental analysis examines both
overall retrieval quality under different weighting configu-
rations and the behavior of individual similarity compo-
nents at the query level, providing insight into the comple-
mentary contribution of each textual source.

Object of research — the processes of semantic informa-
tion retrieval and relevance ranking of content based on na-
tural-language user queries.

Subject of research — methods and means of weighted
aggregation of similarity scores obtained from different em-
bedding types for improving relevance ranking in semantic
movie search.

The purpose of the research — to improve the semantic
movie retrieval method based on dense vector representati-
ons through the weighted aggregation of multi-source em-
beddings derived from metadata, user reviews, and subtitles
in order to increase retrieval effectiveness by combining he-
terogeneous textual representations.

To achieve this purpose, the following main research
objectives are identified:

¢ to analyze existing approaches to semantic information retri-
eval based on dense vector embeddings and identify the li-
mitations of single-source textual representations, which will
enable the formation of a theoretical basis for combining he-
terogeneous semantic sources in movie retrieval systems;

e to develop a procedure for generating movie embeddings
from heterogeneous textual sources, including metadata, user
reviews, and subtitles, taking into account their structural
and semantic differences, which will give an opportunity to
compare the individual contribution of each source to retri-
eval effectiveness;

o to formalize a weighted aggregation method for combining
similarity scores obtained from different embedding types
into a unified relevance score, which will ensure controlled
evaluation of the influence of weighting coefficients on mo-
vie ranking quality;

¢ to experimentally evaluate the proposed method using stan-
dard information retrieval metrics, including Recall@5, Hit
Rate@5, and Mean Reciprocal Rank, and compare it with
retrieval based on individual embedding types, which will
help determine whether the integration of heterogeneous tex-
tual sources improves semantic search effectiveness;

e to investigate the dependence of weighting effectiveness on
the semantic type of user query and formulate recommenda-
tions for the practical application of the proposed method,
which will enable the selection of appropriate weighting
strategies for different retrieval scenarios.

The implementation of these objectives provides a met-
hodological basis for improving semantic retrieval systems
by integrating structured, subjective, and contextual textual
information into a unified relevance ranking mechanism.
This will make it possible to evaluate the contribution of
each textual source to retrieval effectiveness, determine the
influence of weighting coefficients on ranking quality, and
identify query-dependent patterns in the use of metadata,
reviews, and subtitles. As a result, the proposed approach
can support the development of more flexible retrieval
systems capable of adapting semantic source contributions
to different user query types and search objectives.

Analysis of recent research and publications. In the
study [11], the authors proposed Sentence-BERT, a modifi-
cation of the BERT architecture that uses siamese and trip-
let network structures to derive semantically meaningful
sentence embeddings. The key contribution of this work li-
es in demonstrating that fixed-size dense vectors produced
by fine-tuned transformers can be compared efficiently via
cosine similarity, reducing pairwise sentence comparison
from hours of cross-encoder inference to seconds of vector
computation. This approach established the encode-once,
search-with-cosine paradigm that forms the architectural fo-
undation for modern semantic retrieval systems, including
the embedding pipeline employed in the present study.

In the work [4], the authors introduced SimCSE, a
contrastive learning framework for sentence embeddings
that operates in both unsupervised and supervised settings.
The unsupervised variant uses dropout as a minimal data
augmentation strategy, treating two forward passes of the
same input as positive pairs, while the supervised variant
leverages natural language inference pairs. The InfoNCE-
based contrastive training recipe proposed in this work has
become the standard methodology adopted by virtually all
subsequent text embedding models, including E5 and No-
mic Embed, which is directly used in the present research.

In the study [10], the authors developed Nomic Embed,
a fully open and reproducible long-context text embedder
with an 8192-token context window. The model was trained
using a contrastive learning pipeline on curated web pairs
and demonstrated performance surpassing comparable com-
mercial models such as OpenAl Ada-002 on both the
MTEB benchmark and the LoCo long-context evaluation.
The extended input length capacity of this model is particu-
larly critical for the present study, as it enables direct pro-
cessing of lengthy movie subtitle documents with reduced
chunking, thereby preserving more contextual coherence in
the resulting embeddings.

In the research [5], the authors investigated a hybrid
movie recommendation system that fuses collaborative fil-
tering with content-based filtering on movie synopses and
user review text. The study demonstrated that combining
user-generated review data with structured metadata thro-
ugh TF-IDF representations improves recommendation ac-
curacy compared to using either source independently. This
finding directly motivates the present work, which extends
the same multi-source principle from sparse representations
to dense contrastive embeddings and adds subtitle text as a
third complementary source.

In the work [14], the authors proposed DeepCoNN, a
deep learning model that jointly represents users and items
through parallel convolutional neural networks applied to
review text. The study confirmed that dense representations
derived from review content outperform rating-only colla-
borative filtering models, establishing that user reviews
carry rich semantic information beyond numerical scores.
This conclusion supports the inclusion of review-based em-
beddings as one of the three textual sources in the present
retrieval approach, particularly for capturing subjective and
evaluative aspects of movie content.

In the study [2], the authors introduced NARRE, a neu-
ral attentional rating regression model that assigns learned
attention weights to individual reviews when constructing
item and user representations. The key finding of this work
is that reviews contribute unequally to the overall represen-
tation — some reviews are significantly more informative
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than others. This empirical observation provides direct jus-
tification for weighted aggregation strategies when combi-
ning per-review or per-source embeddings, as adopted in
the present study where different textual sources receive
different weighting coefficients in the final relevance score.

In the research [3], the authors directly investigated the
value of subtitle text for improving movie recommendati-
ons by combining BPR collaborative filtering with LDA to-
pic models and neural embeddings derived from subtitle da-
ta. The experiments were conducted on a large-scale dataset
linking MovieLens-20M ratings with OpenSubtitles and
IMDb metadata, and the results demonstrated substantial
recommendation improvements, particularly for cold-start
items where traditional collaborative signals are unavailab-
le. This work provides the strongest empirical precedent for
treating subtitles as a first-class textual source in movie ret-
rieval systems and directly motivates the subtitle-based em-
bedding component of the present approach.

In the work [9], the authors proposed a late-fusion
approach for content-based recommendation of BBC televi-
sion programmes, in which subtitle embeddings generated
via LSI and Doc2Vec, audio features, and metadata vectors
are combined through weighted averaging of cosine simila-
rity matrices. The study demonstrated that weighted multi-
source fusion outperforms individual representations and
that the optimal weighting depends on the type of content
being retrieved. This architecture represents the closest
methodological precedent to the weighted cosine aggregati-
on strategy employed in the present study, where metadata,
review, and subtitle similarity scores are combined with
configurable weighting coefficients to produce a unified re-
levance score.

Research gap. Despite the progress reviewed above,
existing approaches typically utilize only one or two textual
sources and often rely on sparse representations or older
embedding models. No prior work has systematically com-
bined metadata, user reviews, and subtitles as three comple-
mentary dense embedding sources generated by a single
modern long-context contrastive embedder, fused through
weighted cosine aggregation, and evaluated under standard
retrieval metrics across different semantic query types. The
present study addresses this gap.

Materials and methods of research. The study applies
methods of semantic text representation, comparative expe-
rimental analysis, and information retrieval evaluation. The
research was conducted on a dataset of 100 movies with
metadata, user reviews, and English subtitles. Semantic si-
milarity was computed using cosine similarity. Retrieval ef-
fectiveness was assessed using Recall@5, Hit Rate@5, Me-
an Reciprocal Rank, and statistical processing of query-le-
vel results.

Research results and their discussion / Pe3yJsibTa-
TU AOCAiAKEeHHs Ta iX 06roBOpeHHs

The experimental study aims to evaluate the effective-
ness of different semantic representations of movies based
on textual data and to analyze their contribution to search
performance. In particular, the study investigates the impact
of three types of embeddings derived from metadata, user
reviews, and subtitles. The main objective of the research is
to evaluate the influence of combining heterogeneous se-
mantic representations on retrieval effectiveness. In particu-
lar, the study investigates how weighted aggregation affects
ranking quality under different query conditions and aims to

identify weighting strategies that provide stable and effecti-
ve semantic matching across different types of search queries.

The experiments were conducted on a dataset consisting
of 100 movies, each associated with structured metadata,
user-generated reviews, and English-language subtitles. To
assess retrieval quality, a test set of 50 queries was
constructed, where each query corresponds to a predefined
relevant movie. This setup allows evaluating the ability of
the system to correctly identify the most relevant item un-
der different query conditions.

The experimental evaluation focuses on three main as-
pects. First, the overall quality of semantic search is analy-
zed using ranking-based evaluation metrics. Second, the
influence of weighting coefficients assigned to different
embedding types is examined in order to determine their
contribution to the final relevance score. Third, the behavior
of the model is studied for different types of queries, inclu-
ding descriptive, subjective, and context-based formulations.

Such an experimental design makes it possible to syste-
matically assess both the individual and combined effecti-
veness of embedding-based representations, as well as to
identify patterns in their contribution to semantic similarity
estimation.

Embedding Generation and Time Analysis. Semantic
representations of movies were generated using a transfor-
mer-based embedding model nomic-embed-text (768-di-
mensional embedding space, 8192-token context window,
137M parameters, F16 quantization) deployed locally via
the Ollama inference framework. The model produces fi-
xed-length dense vector representations for arbitrary textual
input and is designed for semantic similarity and retrieval
tasks. All embeddings were generated under identical model
settings to ensure consistency and comparability of results.

For each movie, three types of textual documents were
constructed prior to embedding generation. The metadata-
based document was formed by concatenating structured
attributes, including the movie title, release year, genres,
cast members, character names, directors, production co-
untries, duration, rating, and a textual description. These
elements were combined into a single coherent textual rep-
resentation that preserves the structure and semantic relati-
onships between attributes. Due to the relatively small size
of metadata, the entire document was processed as a single
input without additional segmentation, which ensured stable
and efficient embedding generation.

The review-based representation was constructed from
user-generated reviews. To ensure consistency across movi-
es, up to ten non-empty user reviews were selected for each
movie in their original retrieval order provided by the data
source. Unlike metadata, reviews introduce variability in
language, style, and content, which increases the comple-
xity of processing.Instead of concatenating all reviews into
a single document, embeddings were generated indepen-
dently for each review. This approach avoids excessive in-
put length and preserves the semantic contribution of each
review. The final movie-level representation was obtained
by averaging individual review embeddings:

1 n
E=*Ze,< 5 (1)
n =1

where E denotes the resulting embedding, e; denotes the
embedding of the i-th textual element, and n denotes the
number of aggregated elements. This aggregation method
reduces the influence of noise and extreme opinions while
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preserving the overall semantic direction of audience per-
ception.

The subtitle-based embedding was generated from
English subtitle text associated with each movie. The subtit-
le data were preprocessed to remove timestamps, format-
ting tags, and other non-textual elements, followed by whi-
tespace normalization. Due to the input length limitations of
the embedding model, the subtitle text was segmented into
sequential fixed-length fragments of up to 4000 characters.
Each fragment was processed independently to generate an
embedding vector, and the final subtitle representation was
obtained by averaging all fragment embeddings according
to equation (1).

The computational cost of embedding generation was eva-
luated by measuring the total processing time and the avera-
ge time per movie for each embedding type. Measurements
were performed under identical hardware conditions (Apple
M2 CPU, integrated GPU, 8 GB RAM) and within the sa-
me software environment to ensure comparability (Table 1).

Table 1. Computational time required to generate movie embed-

dings for different textual data sources / OGuwcienuii yac, HeoO-

XimHui 1t popMyBaHHS BEKTOPHUX MMOAAHb (DiBbMIB 32 Pi3HUMU
TEKCTOBHMH [DKEPETaMi

Embedding type Total .generation Average .time per
time, s movie, S
Metadata 21.407 0.214
Reviews 284.141 2.841
Subtitles 1522.845 15.228

The results indicate a substantial difference in embed-
ding generation time depending on the type of input data.
Metadata-based embeddings required 21.407 s in total, with
an average of 0.214 s per movie, which confirms their high
computational efficiency due to the compact and structured
nature of the input. Review-based embeddings required sig-
nificantly more time, reaching 284.141 s in total and 2.841
s per movie, as multiple independent inputs must be proces-
sed and aggregated for each instance. Subtitle-based em-
beddings demonstrated the highest computational cost, with
a total generation time of 1522.845 s and an average of
15.228 s per movie. This increase is explained by the large
volume of textual data and the need to process multiple
fragments for each movie.

The obtained results clearly demonstrate the existence
of a trade-off between computational efficiency and seman-
tic expressiveness. Metadata embeddings provide fast pro-
cessing but capture only general characteristics of movies.
Review-based embeddings introduce additional semantic
information related to user perception, at the cost of incre-
ased processing time. Subtitle-based embeddings, despite
being the most computationally expensive, provide the
most detailed representation of contextual and narrative in-
formation.

Experiment 1. Search Quality Evaluation. The first ex-
periment evaluates the effectiveness of semantic search
using different embedding types and their combinations.
The objective of the experiment is to verify the hypothesis
that combining multiple semantic representations improves
retrieval quality compared to using individual embeddings.

The evaluation was performed on a test set consisting of
50 query scenarios. Each query was manually designed to
represent a specific semantic description of movies, inclu-
ding plot-based, character-based, subjective, and contextual
formulations. For each query, a predefined set of relevant
movies was assigned. The number of relevant movies dif-

fers across test cases, which makes it possible to evaluate
not only whether the system retrieves a single expected
item, but also whether it ranks semantically related movies
within the top results. This setup allows assessing retrieval
quality by analyzing the presence and positions of relevant
movies in the ranked list.

For each query, a semantic embedding was generated
using the same embedding model as for movie representati-
ons. The similarity between the query embedding and each
movie embedding was computed independently for metada-
ta, reviews, and subtitles using cosine similarity:

Sim(g,m) = i 0
I/l

where ¢ denotes the query embedding and m denotes the

movie embedding.

The retrieved movies were ranked in descending order
according to similarity scores. To evaluate the quality of the
ranking, three standard information retrieval metrics were
applied: Hit Rate@K, and Mean Reciprocal Rank (MRR).
These metrics provide complementary perspectives on retri-
eval effectiveness by measuring the completeness, success
rate, and ranking position of relevant results.

Recall@K measures the proportion of relevant movies
that appear within the first K retrieved results. This metric
reflects the ability of the retrieval system to cover the
complete set of relevant items for a given query and is defi-
ned by equation (3):

Recall@KzR—; s

3)
where Ry — denotes the number of relevant movies retrieved
within the top K positions, and R denotes the total number
of relevant movies associated with the query.

A higher Recall@K value indicates better retrieval
completeness, meaning that the system successfully retri-
eves a larger portion of semantically relevant movies. This
metric is particularly important in scenarios where multiple
relevant results exist and their coverage is essential.

Hit Rate@K evaluates whether at least one relevant mo-
vie appears within the first K retrieved results. Unlike Re-
call@K, which measures the proportion of retrieved rele-
vant items, Hit Rate@XK focuses on the success of retrieving
any relevant result. The metric is defined by equation (4):
LS max. @)
Nig
where N denotes the total number of test queries, and Hi-
@K takes the value 1 if at least one relevant movie is found
within the top K results for the i-th query, and 0 otherwise.

This metric reflects the practical usability of the search
system, since in many retrieval scenarios the presence of at
least one relevant result in the top positions is sufficient for
successful search.

Mean Reciprocal Rank (MRR) evaluates the ranking
quality by considering the position of the first relevant re-
sult. The metric is based on the reciprocal rank of the first
correctly retrieved movie and is defined by equation (5):

1Y 1
MRR = N Z’ rank; )
where rank; denotes the rank position of the first relevant
movie for the i-th query.

Higher MRR values indicate that relevant results appear
earlier in the ranked list, which reflects better ranking preci-
sion from the user's perspective. This metric is particularly

HR@K =
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important in semantic search systems, where the position of
the first relevant result directly affects the efficiency of in-
formation retrieval.

The first stage of the experiment evaluates the retrieval
effectiveness of individual embedding types. Three inde-
pendent configurations were tested: metadata-only, revi-
ews-only, and subtitles-only retrieval. This comparison ma-
kes it possible to identify the semantic contribution of each
representation independently and determine which textual
source provides the highest retrieval quality under different
query conditions. The evaluation was performed using Re-
call@5, Hit Rate@5, and Mean Reciprocal Rank, where the
top five retrieved results were considered for each query.
The obtained results for individual embedding types are
presented in Table 2.

Table 2. Retrieval effectiveness of individual embedding types ac-
cording to Recall@3, Hit Rate@5, and Mean Reciprocal Rank /
EdexTrBHICTD MOIIYKY ISt OKPEMEX THITIB BEKTOPHUX MOIAHD 32
metpukamu Recall@35, Hit Rate@5 ta Mean Reciprocal Rank

analysis of weight distributions was performed. The balan-
ced configuration was used as a neutral baseline, assigning
approximately equal contribution to all embedding types. In
addition, three source-dominant configurations were exami-
ned, where one embedding type received the dominant we-
ight of 0.6, while the remaining sources received 0.2 each.
This symmetric weighting scheme preserves the normaliza-
tion condition defined in equation (6) and allows isolating
the effect of increasing the contribution of each semantic
source under comparable conditions. The selected weight
values were not considered optimal model parameters, but
controlled experimental configurations for evaluating the
sensitivity of retrieval quality to semantic emphasis. The
retrieval results for weighted embedding configurations are
summarized in Table 3.

Table 3. Retrieval effectiveness under different weighting configu-
rations of combined embeddings / EdexruBHicTh nomyky 3a pis-
HUX KOH(Irypaii 3BakyBaHHsI KOMOIHOBaHMX BEKTOPHUX MOIaHb

: : Configuration Weight distribution| Re- | Hit Ra- MRR
Embedding type Recall@5 Hit Rate@5 MRR (Wt Wyt wy) call@5| te@5
Metadata 0.53 0.88 0.67 Balanced 0.33:0.33:0.33 0.7 0.98 0.89
Reviews 0.63 0.9 0.78 Metadata-heavy 0.6:0.2: 0.2 0.65 094 |0.84
Subtitles 0.55 0.9 0.65 Reviews-heavy 0.2:0.6: 0.2 0.73 0.98 |0.88
The results presented in Table 2 show differences in ret- Subtitles-heavy 0.2:0.2: 0.6 0.68 098 |0.85

rieval effectiveness across individual embedding types. Me-
tadata-based embeddings achieved Recall@K = 0.53, Hit
Rate@K = 0.88, and MRR = 0.67. These results indicate sta-
ble retrieval performance for queries related to structured
semantic attributes such as genre, plot, and cast information.

Review-based embeddings demonstrated the highest ef-
fectiveness among standalone representations, with Re-
call@K = 0.63, Hit Rate@K = 0.90, and MRR = 0.78. The
higher values indicate that review texts provide richer se-
mantic information for retrieval, as they contain descriptive
and evaluative content closer to natural user queries.

Subtitle-based embeddings achieved Recall@K = 0.55,
Hit Rate@K = 0.90, and MRR = 0.65. Despite the higher
contextual density of subtitle data, their ranking effective-
ness remained lower than that of review-based embeddings,
which indicates the presence of redundant or semantically
neutral information in dialogue sequences.

The comparative analysis of individual embedding types
shows that review-based embeddings provide the most ef-
fective standalone semantic representation for movie retri-
eval tasks. Metadata embeddings preserve stable perfor-
mance due to their structured nature, while subtitle embed-
dings provide broader contextual coverage but lower ran-
king precision. These observations indicate that different
textual sources capture complementary semantic properties,
which supports the hypothesis that combining them may
improve retrieval effectiveness.

The second stage of the experiment evaluates combined
embeddings using weighted similarity aggregation. For
each movie, the final relevance score was computed as a
weighted sum of similarity values obtained from metadata,
reviews, and subtitles according to equation:

S = WS + WS, + WS, (6)
where S, S, and S, denote similarity values for metadata,
reviews and subtitles, and w,,, w, and w;, denote the corres-
ponding weighting coefficients satisfying the normalization
condition w,, +w, + w, = 1.

To evaluate the influence of weighted similarity aggre-
gation on retrieval effectiveness, a coarse sensitivity

The results presented in Table 3 demonstrate that com-
bining multiple semantic representations improves retrieval
effectiveness compared to standalone embeddings. The ba-
lanced configuration achieved the highest mean MRR, with
Recall@5 = 0.70, Hit Rate@5 = 0.98, and MRR = 0.89.
Compared to the best standalone configuration, namely re-
view-based embeddings, the balanced weighting strategy
improved Recall@5 by 11.1 % and MRR by 14.1 %, which
indicates the effectiveness of semantic integration.

The metadata-heavy configuration achieved lower per-
formance among the combined variants, with Recall@5 =
0.65, Hit Rate@5 = 0.94, and MRR = 0.84, indicating that
emphasizing structured semantic attributes alone limits ret-
rieval flexibility. The reviews-heavy configuration achieved
the highest mean Recall@5 = 0.73, demonstrating the stron-
gest retrieval completeness, while the subtitles-heavy confi-
guration showed intermediate performance, with Recall@5
= (.68, Hit Rate@5 = 0.98, and MRR = 0.85.

To assess the statistical stability of the obtained retrieval
metrics, bootstrap 95 % confidence intervals were calcula-
ted for all standalone and weighted configurations. The
confidence intervals were estimated at the query level using
non-parametric bootstrap resampling. The results are pre-
sented in Table 4.

Table 4. Bootstrap 95 % confidence intervals for retrieval effecti-
veness under all configurations / Bootstrap 95 % nosipui inTepsa-
11 [u1s epeKTUBHOCTI MOIIYKY 3a BeiMa KOH(Irypartissmu

Configura-| Re- o Hit Ra o o
ton - leati@s| %% €1 [ia@s| 95 % C1 MRR} 95 %CI
Metadata | 0.53 |[0.45-0.62]] 0.88 [[0.78-0.96]0.67 |[0.57-0.77]
Reviews | 0.63 [0.54-0.72] 0.9 |[0.82-0.98]0.78 [[0.68-0.87]
Subtitles | 0.55 [0.47-0.64] 0.9 |[0.82-0.98]0.65 [[0.55-0.75]
Balanced | 0.7 [[0.62-0.77][ 0.98 | [0.94—1] |0.89][0.82-0.95]
Metadata- | ) o5 I 570,731 0.94 | [0.86-1] |0.84[0.76-0.92]
heavy
Reviews- 1| 73 110.65-0.8]| 0.98 | [0.94-1] |0.88([0.82-0.95]
heavy
Subtitles- | ) oo 1 10.6-0.757| 0.98 | [0.94-1] |0.85|[0.78-0.92]
heavy
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The bootstrap confidence intervals confirm that we-
ighted configurations generally demonstrate higher retrieval
effectiveness than standalone embeddings. The balanced
and reviews-heavy configurations show the strongest re-
sults among the tested variants. However, their MRR confi-
dence intervals overlap completely ([0.82; 0.95] in both ca-
ses), which indicates that the difference between MRR =
0.89 for the balanced configuration and MRR = 0.88 for the
reviews-heavy configuration should be interpreted as a small
difference in mean values rather than as clear evidence of
the superiority of one weighting strategy over the other.

To further evaluate whether the observed differences
between selected configurations are statistically significant,
pairwise comparisons were performed using the Wilcoxon
signed-rank test. The compared configurations were selec-
ted according to their role in the experimental results pre-
sented in Tables 2 and 3. The reviews-only configuration
was included as the strongest standalone baseline, while the
balanced and reviews-heavy configurations were selected
as the two best-performing weighted variants, since the ba-
lanced configuration achieved the highest mean MRR and
the reviews-heavy configuration achieved the highest mean
Recall@5. Therefore, the statistical comparison focused on
whether weighted aggregation improves retrieval quality
over the strongest individual source and whether the two le-
ading weighted strategies differ significantly from each ot-
her. The test was applied to query-level Recall@5 and recip-
rocal rank values, since all configurations were evaluated on
the same test queries. The results are presented in Table 5.

Table 5. Pairwise Wilcoxon signed-rank test results for selected
retrieval configurations / Pe3ynbraru mapHoro kputepiro Binkok-
COHa U151 BUOpaHUX KOH(Irypariii nomuryxy

. . Mean .
Comparison Metric difference p-value| Interpretation
Balanced & L

Reviews Recall@5 0.069 0.073 |not significant
Balanced & | \ipp | 0114 | 0.04 | significant
Reviews
Reviews-heavy -
& Reviews Recall@5 0.095 0.013 | significant
Reviews-heavy -
& Reviews MRR 0.108 0.029 | significant
Balanced & o
Reviews-heavy Recall@5 | -0.027 | 0.345 |not significant
Bqlanced & MRR 0.006 0.859 |not significant
Reviews-heavy

The Wilcoxon signed-rank test showed that the balan-
ced configuration significantly outperformed the reviews-
only configuration in terms of MRR (p = 0.040), while the
difference in Recall@5 was not statistically significant (p =
0.073). The reviews-heavy configuration significantly out-
performed reviews-only for both Recall@5 (p = 0.013) and
MRR (p = 0.029), confirming that weighted aggregation
provides statistically supported improvements over the
strongest standalone embedding source.

However, the differences between the balanced and re-
views-heavy configurations were not statistically significant
for either Recall@5 (p = 0.345) or MRR (p = 0.859). The-
refore, although the balanced configuration achieved the
highest mean MRR and the reviews-heavy configuration
achieved the highest mean Recall@5, these two weighted
strategies should be interpreted as comparable under the
current experimental conditions. The comparative ranking
quality across all standalone and combined configurations
is illustrated in Figure 1.
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Fig. 1. Comparative Mean Reciprocal Rank values for standalone
and combined embedding configurations / [TopiBHsLIbHI 3HAYCH-
ust Mean Reciprocal Rank st okpemux i komOiHOBaHUX KOH(i-
rypariiif BEeKTOPHHUX [O/IaHb

The results of the first experiment confirm that combi-
ning semantic representations from multiple textual sources
improves search quality compared with standalone embed-
dings. At the same time, statistical processing indicates that
the strongest weighted configurations have comparable ef-
fectiveness, which establishes the basis for the second expe-
riment, where the influence of weighting coefficients is
analyzed at the level of individual query — movie pairs.

Experiment 2. Analysis of Weight Influence and Qu-
ery Types. The second experiment investigates the influen-
ce of weighting strategies on semantic similarity under fi-
xed query — movie pairs. Unlike the first experiment, which
evaluates overall retrieval effectiveness across the complete
test set, this experiment focuses on the behavior of individ-
ual similarity components and their contribution to the final
relevance score under different semantic query types.

For each experimental case, a target movie and a seman-
tically relevant query were selected. The similarity between
the query embedding and the corresponding movie embed-
dings was computed independently for metadata, reviews,
and subtitles using cosine similarity according to equation
(2). These similarity values represent the semantic contribu-
tion of each embedding type and are denoted as S, S, and
S; respectively.

To analyze the effect of weighting strategies, three we-
ighted configurations were applied: metadata-heavy, revi-
ews-heavy, and subtitles-heavy. Each configuration incre-
ases the contribution of one embedding type while preser-
ving the contribution of the remaining sources. The final re-
levance score for each configuration was computed accor-
ding to equation (6). The experimental results are summari-
zed in Table 6. The queries were divided into four semantic
categories: descriptive, subjective, contextual, and charac-
ter-based. Descriptive queries represent general plot and
thematic descriptions and are expected to align with meta-
data embeddings. Subjective queries contain evaluative or
emotional formulations and are expected to correlate with
review embeddings. Contextual queries describe specific sce-
nes or situations and are associated with subtitle embeddings.
Character-based queries focus on character interactions and
may involve both metadata and subtitle representations.

The results show a clear dependency between query
type and dominant semantic source. Descriptive queries de-
monstrated higher metadata similarity in most cases, confir-
ming the effectiveness of structured semantic information
for general movie descriptions. Subjective queries consis-
tently produced the highest review-based similarity values,
indicating that user-generated reviews provide the strongest
semantic alignment for evaluative formulations.
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Table 6. Similarity analysis of query-movie pairs under different weighting configurations /
Awnani3 mogibrocTti nap "3anut-QiapM" 3a pi3HUX KOHQIryparii 3BaKyBaHHS

Movie Query type S, S, S Metadata-heavy | Reviews-heavy | Subtitles-heavy
Interstellar Descriptive 0.76 0.64 0.71 0.72 0.68 0.7
Oppenheimer Descriptive 0.71 0.73 0.73 0.72 0.73 0.73
Arrival Descriptive 0.66 0.67 0.61 0.65 0.65 0.63
The Batman Subjective 0.53 0.73 0.6 0.58 0.66 0.61
Whiplash Subjective 0.5 0.7 0.52 0.54 0.62 0.56
La La Land Subjective 0.65 0.71 0.66 0.66 0.69 0.67
Inception Contextual 0.63 0.76 0.69 0.67 0.72 0.69
The Matrix Contextual 0.57 0.61 0.48 0.56 0.59 0.52
12 Angry Men Contextual 0.55 0.58 0.56 0.56 0.57 0.57
The Dark Knight Character-based 0.65 0.6 0.58 0.63 0.61 0.6
Spider-Man: No Way Home | Character-based 0.67 0.63 0.68 0.66 0.65 0.67
Dune: Part Two Character-based 0.65 0.57 0.59 0.64 0.6 0.66

Contextual queries showed mixed behavior. Although
subtitle embeddings were expected to dominate, review em-
beddings produced higher similarity values in several cases.
This indicates that user reviews also preserve contextual se-
mantic information through references to important scenes
and narrative elements. Character-based queries demonstra-
ted distributed semantic dominance between metadata and
subtitles. Metadata embeddings achieved higher similarity
for structured character information, while subtitle embed-
dings contributed more strongly when character interactions
were explicitly represented in dialogue.

The weighted similarity analysis confirms that the hig-
hest final score generally corresponds to the weighting con-
figuration that emphasizes the dominant semantic source.
Metadata-heavy weighting improved descriptive queries,
reviews-heavy weighting improved subjective and contex-
tual queries, and subtitles-heavy weighting showed higher
effectiveness for some character-based queries. The distri-
bution of dominant embedding sources across query catego-
ries is illustrated in Figure 2.
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Fig. 2. Average similarity values across query categories / Cepei

3HAYEHHsI MOAIOHOCTI TS Pi3HUX KaTeropiii 3amuTis

The results of the second experiment confirm that retri-
eval effectiveness depends on the semantic structure of the
query. Different embedding types demonstrate higher effec-
tiveness for different query categories, which supports the
use of adaptive weighting strategies for semantic retrieval.

Interpretation and Discussion of Results. Previous stu-
dies have shown the effectiveness of dense embeddings for
semantic retrieval and the potential of textual sources for
content-based recommendation. However, existing appro-
aches usually focus on one dominant representation or do
not systematically evaluate the contribution of several tex-
tual sources across query types. The present study addresses
this limitation by combining metadata, user reviews, and
subtitles as complementary dense embedding sources fused
through weighted cosine aggregation.

Differential effectiveness of individual textual sources.
Review-based embeddings demonstrated the highest stan-

dalone retrieval effectiveness, with Recall@5 = 0.63 and
MRR = 0.78, outperforming metadata-based embeddings
(0.53/0.67) and subtitle-based embeddings (0.55/0.65). This
result can be explained by linguistic register alignment:
user reviews are closer to natural-language search queries
than structured metadata or raw subtitles. Reviews contain
thematic summaries, evaluative judgments, emotional descrip-
tions, and references to memorable scenes, which makes them
semantically close to the way users formulate search requests.

Metadata embeddings remain useful for descriptive and
factual queries because they encode structured attributes
such as genres, cast, production details, and plot summari-
es. However, their compact and attribute-oriented nature li-
mits their effectiveness for subjective or impressionistic
queries. Subtitle embeddings, despite being based on the lar-
gest textual source, achieved lower standalone ranking ef-
fectiveness. This indicates that text volume does not directly
determine retrieval utility. Subtitles contain dialogue-level
information, including filler utterances, incomplete referen-
ces, and context-dependent exchanges, which may dilute the
movie-level semantic signal when averaged across fragments.

The Recall-MRR trade-off. An important result is the
divergence between the reviews-heavy and balanced we-
ighting configurations in terms of mean metric values. The
reviews-heavy configuration achieved the highest mean Re-
call@5, whereas the balanced configuration achieved the
highest mean MRR (0.89). This indicates a potential trade-
off between retrieval completeness and ranking precision.
However, statistical testing showed that the differences bet-
ween these two configurations were not significant for eit-
her Recall@5 or MRR. Therefore, this trade-off should be
interpreted as a tendency in mean values rather than as a
statistically confirmed superiority of one weighted strategy
over the other.

Reviews-heavy weighting increases the influence of
broad thematic and evaluative information, which may help
retrieve more relevant movies within the top five results.
However, the same semantic breadth may reduce top-rank
discrimination, because thematically similar but less precise
matches can receive high similarity scores. Balanced we-
ighting combines review semantics with metadata and sub-
title signals, which may stabilize the ranking of the first re-
levant result. Since the balanced and reviews-heavy confi-
gurations demonstrated comparable statistical effectiveness,
the choice between them should depend on the target retri-
eval objective: broader top-K coverage or stronger empha-
sis on the first relevant result.

Limitations. Several limitations should be considered
when interpreting the obtained results. First, the experimen-
tal dataset contains 100 movies, which is sufficient for
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controlled comparison but limited for generalizing the fin-
dings to large-scale movie retrieval systems. Second, the
use of English-only subtitles may introduce linguistic and
cultural bias, since subtitle availability and quality are hig-
her for English-language or internationally distributed
films. Third, the experiments were conducted using a single
embedding model, so the stability of the results across dif-
ferent embedding architectures was not evaluated. Finally,
the test queries were manually constructed, which ensures
controlled evaluation conditions but may introduce bias re-
lated to the query designer's assumptions about relevance
and query formulation. Future work should address these li-
mitations by using larger multilingual datasets, comparing
several embedding models, and validating the approach on
user-generated queries.

Discussion of research results. In the work [8], the aut-
hors showed that pretrained sentence embeddings improve
movie identification from short user descriptions compared
with sparse keyword-based methods. The present results
support the value of dense semantic representations but
show that retrieval effectiveness depends not only on the
embedding model, but also on the integration strategy used
for multiple textual sources.

In the research [7], the authors proposed a multi-aspect
reviewed-item retrieval framework that decomposes queries
into aspect-level sub-queries and aggregates bi-encoder qu-
ery-review similarities to item-level scores through late fu-
sion. The present study arrives at a conceptually similar
conclusion: aggregating similarity signals from multiple
textual facets improves retrieval. However, the proposed ap-
proach achieves this through a simpler weighted-sum mec-
hanism without query decomposition, demonstrating that
even straightforward fusion strategies can yield measurable
gains when applied to semantically complementary sources.

In the study [1], the authors developed a Mixture-of-
Embedding-Experts model for story-based movie retrieval
that fuses subtitle, visual, and audio embeddings through le-
arned expert-specific weights. The present work differs by
operating exclusively in the textual domain and using a
single embedding model for all three sources rather than se-
parate modality-specific experts. Despite this simpler de-
sign, the observed improvements from weighted aggregati-
on support the usefulness of multi-source combination in
text-only retrieval settings.

In the work [12], the authors introduced a hybrid docu-
ment retrieval framework combining FAISS and HNSWlib
indexing for multi-vector search in high-dimensional spa-
ces. While the present study does not employ distributed in-
dexing infrastructure, it addresses the same underlying
challenge of comparing a query against multiple embedding
vectors per item. The weighted aggregation of per-source co-
sine similarities used here can be viewed as a lightweight al-
ternative to multi-vector retrieval for moderate-scale datasets.

In the research [6], the authors demonstrated that dual-
encoder dense embeddings trained with in-batch contrastive
negatives significantly outperform BM25 on passage retri-
eval tasks, establishing the dense retrieval paradigm. The
present study extends this paradigm from single-document
retrieval to multi-source item retrieval, where each movie is
represented by three independent dense vectors rather than
one vector representation.

In the study [13], the authors proposed ES5, a general-
purpose text embedder trained through weakly supervised
contrastive pre-training and evaluated on diverse retrieval
benchmarks. The present results show that the advantages

of modern dense embeddings can be transferred to the do-
main-specific task of movie retrieval when heterogeneous
textual sources are combined through weighted aggregation.

The discussion confirms that the proposed approach
contributes to semantic movie retrieval by combining three
textual sources within a single weighted aggregation frame-
work and evaluating their behavior across different query
categories. The statistically supported improvements of
combined configurations over standalone sources indicate
that multi-source semantic aggregation can improve retri-
eval quality, while the query-level analysis shows that the
contribution of each source depends on the semantic struc-
ture of the query.

So, based on the results of the work performed, it is pos-
sible to formulate the following scientific novelty and prac-
tical significance of the research results.

Scientific novelty of the obtained research results — the
method of semantic movie retrieval based on dense vector
representations has been improved by introducing weighted
aggregation of multi-source embeddings generated from
metadata, user reviews, and subtitles, which, unlike appro-
aches based on a single textual source increased MRR from
0,78 to 0,89 by considering the contribution of multiple he-
terogeneous textual sources that describe different aspects
of movie content.

Practical significance of the research results — the re-
sults of the study can be applied in the design of content-ba-
sed semantic retrieval systems for selecting weighting stra-
tegies according to the target retrieval objective, in particu-
lar, balanced aggregation can be used for ranking-precision-
oriented search, reviews-heavy weighting for discovery-ori-
ented retrieval with higher top-K coverage, and metadata-
heavy weighting for structured-query scenarios where fac-
tual attribute matching dominates user intent.

Conclusions / BUCHOBKU

The effectiveness of semantic movie retrieval was
improved by developing and evaluating a weighted aggre-
gation method for combining heterogeneous textual embed-
dings generated from metadata, user reviews, and subtitles.
The conclusions should be correlated with the objectives
and the data analysed.

1. Analyzed current scientific approaches to semantic infor-
mation retrieval based on dense vector representations and
identified the limitation of single-source movie representa-
tions. It was established that metadata, user reviews, and
subtitles describe different semantic aspects of movie con-
tent and therefore should be considered as complementary
sources for relevance ranking.

2. Developed a procedure for generating dense movie embed-
dings from three heterogeneous textual sources: metadata,
user reviews, and English subtitles. Metadata embeddings
represent structured factual information, review embed-
dings reflect subjective and evaluative semantic content,
and subtitle embeddings preserve contextual and narrative
information.

3. Formalized a weighted aggregation method for combining
similarity scores obtained from different embedding types
into a unified relevance score. The method enables control-
led regulation of metadata-, review-, and subtitle-based
contributions during semantic ranking and allows comparison
of balanced and source-dominant weighting configurations.

4. Conducted an experimental evaluation on a dataset of 100
movies and 50 natural-language queries using Recall@5,
Hit Rate@5, Mean Reciprocal Rank, bootstrap confidence
intervals, and the Wilcoxon signed-rank test. It was estab-
lished that review-based embeddings achieved the highest
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Hayionanenuii ynisepcumem "Jlvsiscoka [lonimexuixa”, m. Jlvsis, Yxpaina

YAOCKOHAJIEHHA METOAY CEMAHTHUYHOI'O INIOIIYKY ®1/IbMIB HA OCHOBI
3BAKEHOI'O ATPETYBAHHA BATATOAKEPEJ/IbHUX EMBE/IMHTIB

JlocmimkeHo 0coOIMBOCTI i IBUIIEHHST e()EKTHBHOCTI CEMAHTHYHOTO TMOIMIYKY (iIbMiB MOEIHAHHSIM Pi3HOPITHUX TEKCTOBHX
JDKEpeL, SIKi OMUCYIOTh Pi3Hi aCHEeKTH KiHOKOHTEHTY. [lepeBipeHo miaxia 10 3BaKEHOro arperyBaHHs MIIIBHUX BEKTOPHHUX MOJaHb,
cOpMOBaHUX 3 METAIaHUX, KOPUCTYBALBKHUX BIAT'YKIB Ta aHIJIOMOBHUX CYOTHTpIB, Ha Habopi Aanux 3i 100 ¢inbmiB i S0 npupogHo-
MOBHHX 3allUTIB i3 Hamepe] BU3HAYCHUMH peleBaHTHUMHU (imbMaMu. B excrepuMeHTi 3aCTOCOBAaHO KOCHHYCHY MOiOHICTh, Re-
call@s, Hit Rate@5, Mean Reciprocal Rank, bootstrap-moBip4i inTepBanu Ta Kputepiii BimkokcoHa sl OIHIOBAHHS OKPEMHUX i
KOMOiHOBaHuX KOH(Irypamiii. BcraHoBIeHO, 1110 BEKTOPHI MOJAaHHS Ha OCHOBI BIATYKiB 3a0e3redunin HaiBuIly e(eKTHBHICTh ce-
MaHTHYHOTO NONIyKy (iabpMiB cepen okpemux mkepen: Recall@S = 0,63, Hit Rate@S = 0,90 i MRR = 0,78, nepeBHIIMBIIN pe3yiib-
TaTh MeTafaHux i cyoTurpis. Lle cBiquuTh Mpo Te, M0 BIAryKH KPallle Y3roHKYIOThCS 3 IPHUPOJHOMOBHIMH 3alIUTAMH, OCKLIBKH MicC-
TATH OLIHKOBI OMUCH, TEMAaTHYHI y3aralbHEeHHs, eMOLIHI BPaXKEHHS Ta 3TaJIKK PO CIOKETHI eleMeHTH. Bu3HadueHo, 1o cyoTuTpu,
MOTPU HAHOLTBIINMI 00CIT TEKCTY, He 3a0€3MeU i HAMKPAIIOl SIKOCTI PAHKyBaHHS PEIeBAHTHUX (BiIbMIB Uepe3 HasBHICTb Jiaioro-
BHUX 3aIIOBHIOBA4iB, KOHTEKCTHO 3aJIC)KHUX BHUCIIOBIIIOBAHb 1 CEMAHTHYHO HEHTpaJIbHUX (parMeHTiB. [TinTBep/OKEeHO, 1110 3BayKEHE ar-
peryBaHHsI Pi3HOPIAHUX TEKCTOBHX IMOJaHb MOKPAIIWIO e(EeKTHBHICTh MOIIYKY PENCBAHTHUX (DLIBMIB MOPIBHSIHO 3 OKPEMHUMH I10-
JMaHHSIMU: 30anaHcoBaHa KOH(Irypailisi BArOMOCTeH /Kepen nocsria HaiBuimoro cepeausoro MRR = 0,89, Toni sik koudirypartist 3
JIOMIHYBaHHSIM Bi[TyKiB J0CsIIIa HaiiBuioro cepenuboro Recall@S = 0,73. IIpoBeneHo CTaTHUCTHYHE TECTYBAHHS PE3Y/IbTATiB eK-
CIIEPUMEHTY, sIKE i ATBEPAMIO 3HAYHI MOKPAICHHS 3Ba)KEHUX KOH(Irypariii mopiBHIHO 3 HAHKpAIMM OKPEMHM TEKCTOBHM JDKepe-
JIOM JUTS1 OKPEMHX METPHK; OTHAK BiIMIHHOCTI MiX 30aJ1aHCOBAHOIO KOH(]Irypaliero Ta KOH)Irypami€ero 3 JOMiHyBaHHSIM BiATYKiB HE
Oynu craructuuHo 3Hauymmmu. OTKke, i KOH(Iryparii A0IiIbHO PO3TISIIATH SIK HOPIBHSIHHI 3BaXKEHI cTpaterii 3 pisHuME mpodissi-
MU nomnyKy. [IpoaHaizoBaHo KaTeropii 3anuTiB i BCTAHOBJICHO, 110 OMKMCOBI 3alMTH THKIFOTH 0 METAIaHuUX, Cy0'€KTUBHI 0 BiAry-
KiB, @ KOHTEKCTHI Ta MEPCOHAYKHO OPIEHTOBAHI 3alUTH 3aJISKATh B/l KiIbKOX /pKepelt. [IpakTH4YHA MiHHICTh JOCIIHKEHHS HOJISTae y
BU3HAYCHHI BHECKY METAJIaHUX, BIATYKIB i CyOTUTPIB y CeMaHTUYHHUH MOIIYK (iIbMiB Ta MiATBEPIPKEHHI eEKTHBHOCTI 3BaXKEHOTO
noeqHaHHs jukepent. OKpeceHi moAaiblili eTand JOCIIHKEHHS JOIIIBHO CIPSIMYBATH Ha PO3MIMPEHHS HaOOpY MaHUX, MMOPiBHSHHS
Kinbpkox embedding-moseneli i po3poOIeHHs alalTHBHUX CTPATETii 3BaKYBaHHS 3aJI€XKHO BiJl THITY 3aIIUTY.

KuouoBi ciioBa: indopmariiinuii momryk; BeKTOPHUN MOMIYK; Oararo/pKepesnbHe MOMaHHs; KOCHHYCHA MOMiOHICTh; cepeiHiii
B3a€EMHUMN PaHI.
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