
  

  

Abstract— This paper proposes a semantic watermarking 

approach for thesis titles. Thesis titles are frequently used as the 

first key to search, classify, and monitor information in academic 

repositories. However, given the short nature of these, detecting 

title reuse or duplication in themes is not straightforward, 

especially when different titles share disciplinary terms or similar 

wording. The watermark is understood as an external semantic 

fingerprint generated from the lexical structure of each title. Each 

title was represented using TF-IDF vectors with unigram and 

bigram features, and similarity between titles was estimated 

through cosine similarity. The method was applied to an 

institutional corpus of 27,241 graduate thesis titles. Random title 

pairs showed an average cosine similarity of 0.02, while nearest-

neighbor pairs reached an average value of 0.52. A threshold of 

0.75 was then used to identify 3,300 pairs with high lexical-

semantic similarity. Results indicate that semantic watermarking 

can be used as a simple first filter in order to support title-level 

analysis, metadata quality control, and the identification of 

potential thematic redundancy in academic repositories. 

  

I. INTRODUCTION 

Academic repositories have become the main access point 
for theses, dissertations, and other institutional research 
products. Theses titles play a central role because they 
summarize the research topic in a very short textual form. 
However, this same brevity makes title-level analysis difficult, 
especially when different works share disciplinary terminology, 
similar methodological structures, or partially reformulated 
wording. Plagiarism detection platforms, such as Turnitin,  are 
designed to compare full documents, citations or extended text 
corpus. Academic plagiarism detection has been widely studied, 
with approaches ranging from lexical matching and 
fingerprinting to semantic analysis and deep learning methods. 
Foltýnek et al. [1] reviewed computational approaches for 
plagiarism detection and demonstrated how the field has moved 
from surface text revision to the identification of paraphrased or 
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conceptually related content. More recently, semantic 
similarity-based methods have been shown to improve detection 
of sophisticated forms of plagiarism by analyzing deeper 
relationships between terms and concepts beyond exact word 
overlap[2]. Nevertheless, most of these approaches are still 
oriented toward full-text analysis, while short academic data, 
such as thesis titles, remain less systematically studied.  

Although plagiarism detection has advanced considerably 
for full-text documents [3], title-level analysis still presents 
specific challenges. The thesis titles are short, but they usually 
contain the research object, method, population, material, or 
application area. For this reason, two titles may look different at 
the surface level and still refer to closely related academic work. 
At the same time, titles from the same discipline often share 
common terms, which makes it necessary to distinguish 
between normal thematic coincidences and possible reuse or 
reformulation. 

In this work, we propose a semantic watermarking approach 
for academic thesis titles [4]. The watermark is understood as a 
non-intrusive semantic fingerprint generated from the lexical 
structure of each title. No information is inserted into the 
original text; instead, the title is represented externally through a 
vector space model based on term frequency–inverse document 
frequency (TF-IDF). The similarity between titles is then 
estimated using cosine similarity. TF-IDF was selected because 
it is computationally lightweight and widely used in information 
retrieval and text mining. This makes it suitable as a filter for 
large academic repositories, where interpretability is important 
for institutional review. 

Semantic fingerprints/watermarks have been used in related 
problems where documents need to be compared without 
relying only on exact text matching. For example, Zhai et al. 
[5], used semantic fingerprints generated from textual features 
for author name disambiguation in large academic repositories. 
In that case, the fingerprint helped represent each document in a 
compact form so that similarity could be analyzed beyond 
identical names or direct string coincidences. Pang et al. [6] 
proposed a text similarity method based on semantic 
fingerprints built from characteristic phrases extracted with TF-
IDF, showing that this type of representation can be useful 
when the text has been partially modified or reformulated. 
These works address different problems from the ones studied 
here, but they provide a useful basis for representing academic 
text through external fingerprints. In our case, the fingerprint is 
applied to a much shorter unit of analysis: the thesis title. For 
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that reason, we use the term semantic watermark in a non-
intrusive sense. The watermark is generated as an external 
representation that allows title pairs to be compared within a 
common vector space. 

The proposed method is an unsupervised strategy because 
labeled examples of title reuse, reformulation, or non-reuse are 
not usually available in institutional repositories. This approach 
is suitable for repository analysis, where the objective is not to 
make automatic accusations of plagiarism, but to identify 
candidate pairs for human review. The use of TF-IDF and 
cosine similarity keeps the process computationally simple and 
interpretable, which is important when the results must be 
examined by academic committees or institutional reviewers. 
From an academic management perspective, title-level 
similarity analysis can help to quality control, the detection of 
repeated formulations, and the exploration of thematic 
concentration across graduate programs. Similar titles do not 
necessarily imply improper reuse; they may also reflect 
common research lines, shared methods, or institutional trends. 
For that reason, this proposed semantic watermarking approach 
is intended to complement existing plagiarism detection systems 
and expert evaluations. 

The paper is organized as follows: Section II describes the 
proposed semantic watermarking methodology and the 
construction of TF-IDF-based title fingerprints. Section III 
presents the results obtained from a corpus of 27,241 graduate 
thesis titles. Section IV discusses the scope, limitations, and 
institutional implications of the approach, and Section V 
summarizes the main conclusions. 

II. METHODOLOGY 

This study proposes a semantic watermarking mechanism 
for academic thesis titles based on vector space representations 
that can be graphically explained in Figure 1. The analysis was 
performed using a corpus of 27,241 graduate thesis titles from 
an institutional repository, previously subjected to a minimal 
lexical cleaning process. Each title was considered an 
independent unit of analysis. 

The semantic watermark is defined as a normalized vector 
representation of the title, generated using the Term Frequency–
Inverse Document Frequency (TF-IDF) scheme. The TF-IDF 
model was globally fitted using the entire corpus to construct a 
shared semantic space. Unigrams and bigrams were considered 
to capture both individual terms and short lexical patterns, and 
the representations were normalized using the L2 norm. 

The semantic similarity between titles was assessed by 
calculating the cosine similarity between their TF-IDF vectors 
(see Figure 2). For each title, the most similar titles (top-k) were 
identified, excluding self-similarity. Additionally, a statistical 
baseline was established by calculating the cosine similarity 
between randomly selected pairs of titles, allowing for the 
characterization of the expected behavior for unrelated titles. 

Once these values were obtained, a sensitivity analysis was 
carried out where the thresholds were tested in different ranges 

ranging from 0.60, 0.75, 0.80 and 0.90, and thus determine 
which range could be discretized and considered to decide when 
a title is a candidate for review. 

A. Manual validation protocol 

To address the need for empirical validation beyond 
descriptive similarity statistics, a manually reviewed sample of 
title pairs was created. The sample included three similarity 
groups: high-similarity pairs with a cosine similarity greater 
than or equal to 0.75; medium-similarity pairs with values 
between 0.60 and 0.75; and low-similarity control pairs with 
values less than 0.10. This manual validation phase was 
included to estimate the nature of the detected similarities, 
classifying them into five categories: exact duplicate, lexical 
reformulation, thematic similarity, false positive, or unrelated. 

Broadly speaking, the proposed method does not use 
supervised learning or require labeled data; therefore, a 
traditional training-test partitioning was not performed. 
Validation was carried out using statistical separation analysis 
and empirical evaluation of semantic similarity, with an 
emphasis on robustness to lexical reformulations. 

 

Figure 1.  Diagram of the methodology applied for the semantic similarity 
analysis of thesis titles. The titles in the institutional repository undergo light 

preprocessing and are transformed into TF-IDF-based semantic fingerprints. 

These fingerprints are compared using cosine similarity in both random pairs 
and nearest neighbors, allowing analysis of the statistical separation between 

the two scenarios and the definition of a high similarity threshold for detecting 
semantically related titles. A threshold sensitivity analysis is applied using τ 

values from 0.60 to 0.90, with τ = 0.75 selected as the operating threshold. The 

candidate title pairs are then evaluated using a reference sample for manual 
review. 

 



  

B. Proposed institutional monitoring architecture 

In addition to similarity analysis, the method is presented as 
a standardized institutional monitoring architecture for 
academic repositories. The workflow begins with the extraction 
of thesis titles to be validated, followed by minimal lexical 
cleaning and the generation of a TF-IDF-based semantic 
fingerprint for each title. These vectorizations are compared 
using cosine similarity to identify the most similar titles, which 
are then prioritized using predefined operational thresholds. 
Finally, the candidate pairs undergo human review and can be 
used to generate institutional reports for metadata curation, 
repository quality control, and monitoring for potential cases of 
title reuse or reformulation. In this architecture, similarity 
values function solely as indicators to support decision-making 
and not as automatic evidence of plagiarism or academic 
misconduct. 

III. RESULTS 

After minimal data cleaning, the final corpus consisted of 
27,241 thesis titles. The cosine similarity distribution for 
randomly selected pairs of titles showed very low values, with 
an average similarity of 0.022 and a 95th percentile of 0.063 as 
Figure 2 shows graphically, indicating that unrelated titles rarely 
share significant semantic similarity. 

 

Figure 2.  Comparison between random behavior and actual similarity (top-1). 

Comparison with random pairs and Threshold sensitivity 

analysis 

Random pairs function as a control group. The comparison 
between random pairs and nearest neighbors demonstrated that 
not all titles are similar by chance; rather, there is a group of 
titles that exhibit a much higher similarity than the repository's 
typical behavior. The nearest neighbor is the title most similar to 
another within the entire corpus, looking for shared terms or a 
similar semantic structure. Comparing both scenarios reveals a 
statistical separation between the similarity expected by chance 
and the potentially relevant similarity. This separation allows 
for the definition of an operational threshold for selecting pairs 
as candidates for human review. 

Table 1 presents the sensitivity analysis of the threshold 
(cosine similarity). It shows how the number of candidate pairs 
detected decreases as the similarity threshold becomes more 
restrictive. With τ = 0.60, 11,490 pairs were detected, indicating 
a broad similarity scenario with a higher probability of false 
positives. With τ = 0.90, only 1,368 pairs were detected, 
corresponding to a highly restrictive scenario that primarily 
captures nearly identical titles or marked reformulations. The 
selected threshold of τ = 0.75 identified 3,300 candidate pairs, 
representing an intermediate operating point between broad 
similarity and stricter, high-confidence detection. 

Table 1. Sensitivity analysis of the threshold. 
Threshold τ Detecte candidate 

pairs 

Interpretation 

0.60 11, 490 Broad screening;  

higher risk of false positives 

0.70 4711 Medium-high similarity; 

 requires careful review 

0.75 3300 Proposed operational threshold for high 

similarity 

0.80 2444 Stricter detection;  

lower candidate volume 

0.90 1368 Very strict;  

possible duplicates or near-identical titles 

Figure 3 compares two scenarios of semantic similarity 
between thesis titles. The density representation highlights the 
statistical separation between random similarity and nearest-
neighbor similarity, regardless of the corpus size. The blue (left) 
distribution represents the cosine similarity distribution obtained 
from randomly selected pairs of titles, which serve as a control 
and describes the expected behavior by chance. In this case, the 
similarity values are concentrated very close to zero, indicating 
that unrelated titles generally exhibit minimal semantic 
similarity. 

On the other hand, the red (right) distribution corresponds to 
the cosine similarity between each title and its nearest neighbor 
(top-1) within the corpus, that is, the most semantically similar 
title. Unlike the random control, this distribution is clearly 
shifted toward higher similarity values, reflecting the existence 
of titles with similar thematic content or potentially reused 
content through lexical reformulation. The vertical line at τ = 
0.75 indicates the similarity threshold defined from the 
statistical analysis of both distributions. This threshold is well 
above random behavior (the 95th percentile is at 0.063) and 
marks the point from which the observed similarity can hardly 
be attributed to chance. In other words, the 0.75 threshold 
serves as a parameter to decide at what point a pair of titles 
should be marked as a case of high similarity (See Table 1). 

In contrast, Figure 4 shows the similarity distribution 
corresponding to the nearest semantic neighbor (top-1) of each 
title showed considerably higher values, with an average 
similarity of 0.52 and a 95th percentile reaching values as high 
as 0.89. This pronounced difference demonstrates a clear 
statistical separation between unrelated titles and semantically 
related titles. 

Based on these distributions, a similarity threshold τ = 0.75 
was established to identify cases of high semantic similarity. 



  

Applying this threshold allowed the detection of 3,300 pairs of 
titles with strong semantic correspondence, which represent 
potential cases of title reuse, thematic convergence, or 
reformulation within the institutional repository. 

 

Figure 3.  This shows the cosine similarity distribution (normalized) between 

thesis titles for two scenarios: randomly selected pairs of titles (control) and the 

nearest semantic neighbor (top-1) for each title in the corpus. In the case of 
random control, the distribution is concentrated in values close to zero, with an 

average similarity of 0.022 and a 95th percentile of 0.063, indicating that 
unrelated titles have a very low probability of semantic match. 

 

 

Figure 4.  Nearest neighbor (top-1) for similarity distribution and threshold τ.  
The threshold defines the region of high similarity (“suspicious”) and allows 

for the quantification of cases. 

 

Consequently, title pairs that exceed this value are 
considered candidates for semantic reuse, which confirms that 
the adopted threshold is not arbitrary, but is based on a clear 
statistical separation between the two scenarios. 

The methodology included the manual validation of the 
results, which is described in Table 2. Table 2 summarizes the 
results of the manual validation. In the high-similarity group, 
corresponding to the proposed operating threshold τ = 0.75, 36 
pairs were classified as exact duplicates and 40 as lexical 
reformulations. Therefore, 76% of the reviewed high-similarity 
pairs corresponded to exact duplicates or reformulated titles. 
Therefore, 76% of the reviewed high-similarity pairs 
corresponded to exact duplicates or reformulated titles. 

Table 2. Manual validation results for the sampled title pairs. 

Similarity 
group 

Exact 
duplicate 

Lexical 
reformulation 

Thematic 
similarity 

False 
positive 

Unrelated Total 

≥ 0.75 36 40 14 10 0 100 

0.60–0.75 0 2 42 56 0 100 

< 0.10 0 0 0 0 59 59 

Total 36 42 56 66 59 259 

In addition, 14% were classified as thematic similarities 
requiring human review, while 10% were considered false 
positives. In the medium similarity group, most cases were 
classified as thematic similarities or false positives, indicating 
that lower thresholds increase coverage but also ambiguity. The 
low similarity control group was classified as unrelated, 
supporting the observed statistical separation between random 
or weakly related titles and high-similarity candidates. 

In this work, contextual embeddings are not used; the 
semantic watermark is based on a TF-IDF representation with 
n-grams, which allows for an interpretable and scalable 
detection of semantic similarity at the title level. 

IV. DISCUSSION 

The results obtained indicate that the proposed semantic 
watermarking approach effectively captures relevant semantic 
relationships between thesis titles, while maintaining low 
similarity values for unrelated titles. The clear separation 
between random similarity and nearest neighbor similarity 
supports the robustness of TF-IDF-based semantic fingerprints 
as invisible identifiers. 

Sensitivity analysis also shows that τ = 0.75 should not be 
interpreted as a universally optimal threshold. Rather, it 
represents an operational decision point for prioritizing high-
similarity title pairs in an institutional review context. Lower 
thresholds can increase coverage but also increase the number 
of pairs requiring human review and the risk of false positives. 
Higher thresholds reduce the review workload but may overlook 
relevant lexical reformulations. Therefore, the threshold can be 
adjusted according to the repository size, institutional review 
capacity, and the desired balance between coverage and 
accuracy. 

Manual validation confirms that the proposed approach is 
useful as a mechanism for selecting candidates for human 
review. In the high-similarity group, most of the reviewed pairs 
corresponded to exact duplicates or lexical reformulations, 
supporting the use of τ = 0.75 as an operational threshold. 
However, the presence of thematic similarities and false 
positives also confirms that a high cosine similarity should not 
be interpreted as automatic evidence of plagiarism or 
misconduct. Similar titles can appear naturally in academic 
repositories due to shared topics, standard methodological 
expressions, or disciplinary conventions. Therefore, the 
proposed semantic watermark should be used as a decision-
support tool for repository management and metadata quality 
control, not as an automatic punitive mechanism. 

A key finding is that the pairs of titles detected with high 
similarity do not correspond solely to exact duplicates, but also 



  

include cases of lexical reformulation, word order changes, and 
the use of synonymous expressions. This demonstrates that the 
method transcends superficial matching of text strings and 
allows for the identification of semantic reuse patterns that are 
difficult to detect using traditional keyword-based approaches. 

From an institutional perspective, semantic watermarking 
constitutes a lightweight and scalable mechanism for 
monitoring academic repositories, tracking thesis production, 
and conducting exploratory analysis of thematic redundancies. 
Although this work focuses exclusively on thesis titles, the 
approach can be extended to other types of academic metadata 
or combined with contextual information in future work 

A. Future work 

Future research projects include extending the semantic 
watermarking approach to representations based on deep 
language models, such as contextual embeddings, to compare 
their performance against the TF-IDF scheme in more complex 
reformulation scenarios. The integration of additional 
contextual information, such as subject area, academic program, 
or time period, is also being considered to enrich the similarity 
analysis and reduce potential thematic ambiguities. 

Another relevant line of research involves applying the 
method to other academic metadata, such as abstracts, 
keywords, or descriptors, which would allow for evaluating the 
scalability of the approach to longer texts. Similarly, the 
development of visual tools and interactive interfaces is 
envisioned to facilitate the exploration of semantic similarities 
by institutional managers and academic committees. 

Finally, the proposed approach can serve as a basis for 
continuous repository monitoring systems, supporting quality 
control processes, trend analysis, and institutional decision-
making related to academic output and knowledge management. 

V. CONCLUSION 

This paper presents a semantic watermarking approach for 
academic thesis titles, aimed at detecting semantic reuse and 
lexical reformulation and high thematic similarity in 
institutional repositories. Using a vector representation based on 
TF-IDF and cosine similarity, a non-visible semantic fingerprint 
was defined to represent the lexical structure of each title and 
support similarity-based structure of each title and, capable of 
capturing semantic relationships between titles that are not 
textually identical. 

The evaluation performed on a real corpus of 27,241 
postgraduate thesis titles demonstrated a clear statistical 
separation between randomly selected title pairs and nearest-
neighbor title pairs. While the average similarity between 
random pairs remained close to zero, the similarity values 
corresponding to the closest semantic neighbors were 
significantly higher, supporting the usefulness of the proposed 
approach for candidate detection. The threshold sensitivity 
analysis showed that τ = 0.75 provides an intermediate 
operating point for prioritizing high-similarity title pairs. At this 

threshold, 3,300 candidate pairs were identified, maintaining the 
method as a decision-support tool for human review or manual 
review, rather than an automatic plagiarism detection 
mechanism. 

Manual validation of the selected title pairs further 
supported the usefulness of the proposed approach. Among the 
high-similarity pairs reviewed, 76% were exact duplicates or 
lexical reformulations, while other cases presented thematic 
similarities that required human evaluation. These findings 
confirm that the method is suitable for prioritizing candidate 
title pairs for institutional review, although it should not be 
interpreted as automatic evidence of plagiarism. 

The method could be strengthened and made more reliable 
and robust by complementing or comparing it with other textual 
and semantic similarity models, such as SBERT or fuzzy 
matching. However, due to the scope and presentation of this 
work, it was not possible to include it. 

Finally, the results suggest that the proposed semantic 
watermark/digital fingerprint is a viable, interpretable, and 
scalable tool to support metadata quality control, repository 
monitoring, and the analysis of thematic redundancies in 
institutional repositories. Its main value lies in reducing the 
search space and prioritizing potentially relevant title pairs for 
expert review, while preserving human judgment as a central 
component of the evaluation process. 
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