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DEVELOPMENT OF AN AUTOMATED TOOL
FOR SEARCHING RESEARCH MATERIALS
IN THE LEARNING PROCESS

This paper analyses the problem of information overload and the complexity of searching for
scientific sources in the modern digital educational environment. It is shown that the availa-
bility of electronic resources does not always ensure effective learning due to the insufficient
level of students” skills in scientific search and information evaluation.

The principles for constructing an Automated Research Assistant % an automated tool to
support educational and research activities — are proposed. A web-based software system for
automated search of scientific materials using the open preprint repository arXiv via an API
interface has been implemented. The system performs search, primary filtering, and structured
storage of results, forming a set of publication metadata (title, summary, and source link). The
proposed approach aims to reduce user workload and improve the efficiency of working with
scientific information in the learning process. The architecture of the software system provides
the possibility for further expansion through integration with additional scientific platforms
and data sources.

Keywords: automated search, Automated Research Assistant, web-based software system,
arXiv preprint repository, research efficiency.

Introduction

Modern students and researchers operate in conditions of rapidly increa-
sing volumes of digital information. The development of open science,
electronic libraries, and online platforms has significantly expanded ac-
cess to scientific knowledge. At the same time, the problem of access to
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information has gradually transformed into the problem of its effective
selection and interpretation.

According to recent studies, information overload is one of the key
factors that complicate learning activities, reduce concentration, and in-
crease cognitive load [1, 2]. In the digital educational environment, stu-
dents are required to independently search, evaluate, and systematize a
large number of sources, which requires well-developed information liter-
acy and critical thinking skills [3, 4].

Excess unstructured information creates additional extraneous cogni-
tive load that negatively affects learning and knowledge acquisition [3].
Despite the availability of numerous electronic resources, the process of
searching for scientific materials remains time-consuming and often leads
to excessive time expenditure and decreased learning motivation [5, 6].

The aim of this study is to develop and test an Automated Research
Assistant — a software tool designed for automated search and primary
structuring of scientific materials in educational and research activities.

Problems of Searching for Relevant
Information in Research and Academic Activities

The effectiveness of e-learning depends not only on the availability of di-
gital resources but also on the user’s ability to navigate large volumes
of information. Modern educational platforms, online courses, and open
scientific repositories have significantly expanded access to knowledge;
however, the mere availability of information does not guarantee its effec-
tive assimilation.

Studies in the field of distance learning show that students often face
the phenomenon of information overload, where the amount of educa-
tional material exceeds their capacity to quickly comprehend and inte-
grate it into knowledge [1]. According to Chen et al., an excess of infor-
mation in online learning environments reduces concentration and overall
satisfaction with the learning process.

The problem of information overload is also considered in a broader
context of digitalization. A systematic review by Arnold et al. [2] demon-
strates that the rate of growth of information flows exceeds human cog-
nitive capabilities, which necessitates the use of tools for structuring, fil-
tering, and prioritizing information. Similar conclusions are presented in
classical studies on information overload, which emphasize its impact on
decision-making efficiency and information processing [6, 7].

A psychological explanation of this phenomenon is provided by Cog-
nitive Load Theory, according to which human working memory has
limited capacity [3, 8]. Excessive unstructured or irrelevant information
creates extraneous cognitive load, hindering the formation of stable
knowledge. In the digital learning environment, this issue is intensified
by the fragmented presentation of material through hyperlinks, multi-
media content, and distributed information sources. In addition, multi-
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tasking while working with digital resources negatively affects learning
outcomes [9—11].

Another important factor influencing learning effectiveness is the le-
vel of users” information literacy. According to UNESCO, information li-
teracy includes the ability to find, critically evaluate, and responsibly use
information as a core competency of modern education [4]. A similar per-
spective is reflected in the Framework for Information Literacy for Higher
Education, which views working with information as a complex cognitive
process involving the evaluation of source credibility, understanding the
context of knowledge creation, and the conscious use of information [5].

In educational practice, both at the secondary and higher education
levels, there is often an insufficient development of skills related to search-
ing for and critically evaluating scientific information. When completing
academic tasks, students frequently rely on general-purpose search en-
gines, which are effective for everyday queries but do not provide the le-
vel of source quality required for academic work. As a result, several com-
mon difficulties arise:

* significant time spent searching for sources;

* accumulation of unsystematized materials;

* difficulty in assessing the scientific relevance of publications;

* decreased learning motivation;

* increased cognitive and emotional load.

Thus, the modern paradox of e-learning lies in the fact that easier ac-
cess to information is accompanied by increased complexity in its effec-
tive use. Without the development of information literacy and the use of
tools for automated knowledge structuring, e-learning may create addi-
tional cognitive load and reduce the overall effectiveness of the educa-
tional process [6].

Principles of Building
the Automated Research Assistant

Analysis of modern educational challenges shows that the main difficulty
lies not in the lack of information, but in the complexity of its search, selec-
tion, and systematization. This became the basis for the development of
the Automated Research Assistant.

The idea of the tool is to simplify the initial stages of working with
scientific information, namely searching, reviewing, and the preliminary
selection of sources. This allows the user to move more quickly from un-
systematic browsing of materials to their meaningful analysis and use in
learning or research.

The system operates based on the following principles:

1. Centralized scientific search. In its current implementation, the system
uses the open scientific repository arXiv, which provides access to up-to-
date research publications across various fields. This ensures that users
work with academic rather than random sources.
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2. Automated preliminary filtering. The system generates a list of results
based on a given query while excluding previously processed articles.
This helps avoid duplication and reduces the need for manual review.

3. Structured presentation of results. For each retrieved publication, key
metadata are generated, including the title, summary, and source link
(URL). This facilitates quick familiarization with the material and sup-
ports the selection of relevant sources.

4. Reduction of information overload. The tool helps users focus on the
content of scientific materials by reducing the time spent on searching and
navigating between sources.

Table 1. presents a comparative overview of the process of searching
and selecting scientific sources before and after using the Automated
Research Assistant.

In a broader educational context, the Automated Research Assistant
can be considered a tool for developing a new type of information li-
teracy, where technology does not replace thinking but supports it.
This approach aligns with modern views on effective learning in a digital
environment, where the student is not left alone with the information
flow but receives support at key stages of working with knowledge.

Thus, the Automated Research Assistant can be viewed as a tool that
helps organize the process of searching for scientific sources and reduce
user workload. Automating the initial selection of materials allows the
transition from time-consuming and unstructured searching to a more
organized approach to working with information. This creates condi-
tions in which students and researchers can focus more on analyzing
materials and forming their own conclusions, rather than spending most
of their time searching for sources.

Fig. 1 presents a generalized model of the impact of the Automated
Research Assistant on the learning process and Fig. 2 demonstrated the
stages of this process, illustrating the relationship between key challenges

Table 1. Comparative characteristics
of the scientific source search process

Before using the Automated
Research Assistant

After using the Automated
Research Assistant

The student is assigned a topic (course-
work, master’s thesis, or research project)
and independently attempts to find rele-
vant sources. The search is typically con-
ducted using general-purpose search en-
gines, which often results in a large num-
ber of irrelevant or random materials. As
a result, information accumulates with-
out a clear structure, making further
work more difficult.

The student formulates a topic or key-
words and uses the Automated Research
Assistant. The system automatically gen-
erates a list of scientific publications with
brief descriptions and links. This enables
the user to quickly select relevant materi-
als and proceed to their analysis and use
in academic work.
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Fig. 1. Model of the impact of the Automated Research Assistant on the educational
process

x Fig. 2. Stages of information search of
the educational process

in information search, the functional capabilities of the tool, and the re-
sulting educational outcomes.

Table 2 presents a generalized scheme illustrating the relationship be-
tween the key challenges of modern learning, the functional capabilities of
the Automated Research Assistant, and the resulting educational out-
comes.

The table demonstrates how the use of the tool transforms the process
of working with information from unstructured searching and overload to
a more organized, manageable, and effective learning process.
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Table 2. Time spent on initial analysis —
— Structured results output — Time savings

Problem of Modern
Learning

Solution in the Automated
Research Assistant

Educational Outcome

Information overload

Unstructured search
using general-purpose
search engines
Inability to assess the
quality of sources
Time spent on initial
analysis

Decreased motivation
and increased stress

Automated selection and fil-
tering of sources

Scientific search within an
academic repository

Structured results output

Support for systematic work
and process control
Ranking by relevance and
impact

Reduction of cognitive load

Higher relevance of materials

Improved academic quality

Time savings in the learning
process

Increased confidence and en-
gagement

Thus, the Automated Research Assistant can be considered a tool that
simplifies working with scientific information at the initial stages. Its use
reduces the randomness of the search process, making it more structured
and focused on content rather than on the technical difficulties of access-
ing information.

Future Development
of the Automated Research Assistant

At the current stage, the Automated Research Assistant is implemented as
a tool for automated search and initial structuring of scientific materials.
The system simplifies access to relevant sources and reduces the time re-
quired for searching and reviewing them.

At the same time, the functionality of the tool can be further expan-
ded in several directions.

One of the promising areas of development is the integration of Na-
tural Language Processing (NLP) methods. This would allow the transi-
tion from keyword-based search to content-based analysis of scientific
texts. In the future, the system may be extended with the following capa-
bilities:

* analysis of abstracts and full-text articles;

* identification of thematic similarity between sources;

* grouping of materials by research areas;

* extraction of key ideas and approaches.

Another direction of development is the implementation of personali-
zed recommendations. In the future, the system may take into account
previous user queries and selected materials, which would enable it to:

* suggest relevant topics for further study;

* adapt search results to the user’s level of expertise;

* assist in refining or narrowing research queries.
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Another promising direction is the expansion of search sources and
the integration of additional scientific platforms, which would improve
the completeness and diversity of results.

A separate area of development involves analytical functions related
to identifying scientific trends. In the future, the system could analyze
changes in publication topics, identify emerging and relevant research ar-
eas, and support the selection of topics for coursework, master’s theses,
and PhD research.

Thus, the further development of the Automated Research Assistant
is associated not only with technical improvements but also with expan-
ding its role in supporting learning and research processes. In the future,
this will make working with scientific information more structured, clear,
and efficient for users.

Based on the proposed principles, a software tool for searching scien-
tific information has been implemented. Its functionality is described in
more detail in the following section.

Software Implementation
of the Automated Research Assistant

The Automated Research Assistant is implemented as a software system
and operates as a web-based application. The system is developed using
the Python programming language and web tools (in particular, Stream-
lit), which enable interaction with external scientific databases through
application programming interfaces (APIs).

The architecture of the software system is based on a modular ap-
proach, which allows the integration of multiple scientific sources into a
unified environment and provides the possibility for further functional
expansion without changing the core logic of the system.

In its current implementation, the Automated Research Assistant per-
forms a search for scientific materials within the open preprint repository
arXiv. This approach allows access to up-to-date scientific publications
based on user-defined keywords and enables the formation of an initial set
of relevant sources.

The software tool provides automated search, initial filtering, and
structured presentation of results. For each retrieved source, key metadata
are generated, including the publication title, summary, and link to the
source.

The retrieved results are also stored as separate text files, which al-
lows users to perform further analysis outside the system interface.

For the initial evaluation of the tool, thematic queries related to edu-
cational technologies and interdisciplinary research areas were used. For
each query, the system returned a limited number of results selected based
on keywords and relevance. The obtained results were analyzed in terms
of their alignment with learning objectives and their usability in the edu-
cational process.
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arXiv Article Search

Enter keywords to search for articles (title, author):

Alin education
Search Articles

Returned: 96 results.

1. Meed of Al in Modern Education: in the Eyes of Explainable Al [xAl)

Modern Education is not \textit{Modern] without Al. However, Al's complex nature makes understanding

and fixing probl challenging. R h worldwide shows that a parent’s income greatly influences a
child's education. This led us to explore how Al, especially complex models, makes important decisions
using Explainable Al tools. Our research uncovered many complexities linked to parental income and
offered reasonable explanations for these decisions. However, we also found biases in Al that go against
what we want from Al in education: clear transparency and equal access for everyone. These biases can
impact families and children's schooling, highlighting the need for better Al solutions that offer fair
opportunities to all. This chapter tries to shed light on the complex ways Al operates, especially
concerning biases. These are the foundational steps towards better educational policies, which include
using Al in ways that are more reliable, accountable, and beneficial for everyone involved.

2. Twelve Years of Education and Public Qutreach with the Fermi Gamma-ray Space Telescope

During the past twelve years, NASA's Fermi Gamma-ray Space Telescope has supported a wide range of
Education and Public Outreach (E/PO) activities, targeting K-14 students and the general public. The
purpose of the Fermi E/PO program is to increase student and public understanding of the science of the
high-energy Universe, through inspiring, engaging and educational activities linked to the mission’s
science objectives. The E/PO program has additional more general goals, including increasing the
diversity of students in the Science, Technology, Engineering and Mathematics (STEM) pipeline, and
increasing public awareness and understanding of Fermi science and technology. Fermi's multi-faceted
E/PO program includes elements in each major outcome category: Higher Education; Elementary and
Secondary Education; Informal Education and Public Outreach.

3. Exloringutilization of g ive ALl h and education in data-dri ials sci

Generative Al has recently had a profound impact on various fields, including daily life, research, and
education. To explore its efficient utilization in data-driven materials science, we organized a hackathon --
AlMHack2024 -- in July 2024. In this hackathon, researchers from fields such as materials science,
information science, bioinformatics, and condensed matter physics worked together to explore how
generative Al can facilitate research and education. Based on the results of the hackathon, this paper
presents topics related to (1) conducting Al-assisted software trials, (2) building Al tutors for software, and
(3) developing GUI applications for software. While generative Al continues to evolve rapidly, this paper
provides an early record of its application in data-driven materials science and highlights strategies for
integrating Al into research and education.

4. Cinema, Fermi Problems, & General Education
During the past several vears the authors have developed a new aporoach to the teaching of Physical

Fig. 3. Example of executing the search query “Al in education” in the Auto-
mated Research Assistant interface
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Fig. 4. Storage of search results in the Automated Research Assistant system

The current implementation is limited to the arXiv repository, which
may restrict the diversity and coverage of retrieved sources.

Practical Application of the Automated Research Assistant

As part of the study, a practical evaluation of the developed Automated
Research Assistant software was carried out during the preparation of ed-
ucational and research materials.

To demonstrate the system’s functionality, queries related to edu-
cational technologies, artificial intelligence in education, and interdisci-
plinary research were used. The user entered a search query through the
web interface of the application, after which the system automatically re-
trieved data from the connected scientific source.

As a result, the system generated a structured list of scientific articles,
including publication titles, summaries, and direct links to the sources.

For demonstration purposes, the search query “Al in education” was
used. After entering the keywords, the system queried the open-access
arXiv repository and generated a set of relevant scientific publications.

Fig. 2 shows the application interface during the search process. As a
result of processing the query, the system returned 96 scientific articles
corresponding to the specified topic.

The retrieved results are automatically stored as structured files
(Fig. 3), containing key metadata such as the title of the publication, a
short summary, and a link to the source. This approach allows users to
further analyze the materials without repeating the search and sup-
ports the accumulation of a personal research dataset.
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Structure of stored search results (Title, Summary, URL) in the Auto-
mated Research Assistant system is shown in Fig. 3.

The search results are automatically stored in a structured format,
allowing users to further analyze sources without repeating the query.

The use of the tool demonstrated that the time required for the initial
search of sources is reduced from several hours to a few minutes, while
the structured presentation of results enables users to proceed directly to
the analytical stage of their work.

Conclusion

The modern educational environment is characterized by the continuous
growth of scientific information, which complicates its effective use in
learning and research. Under these conditions, it is important not only to
have access to information but also to be able to quickly find, select, and
analyze relevant sources.

Within this study, the Automated Research Assistant software system
was proposed and implemented as a tool for automating the search and
initial selection of scientific materials. The results demonstrate that the use
of such a tool reduces the time required for information search, organizes
the obtained results, and facilitates further work with sources.

The use of the tool does not replace the analytical work of a student or
researcher but allows them to focus on the content of materials and the
development of their own conclusions. This makes the learning process
more structured and manageable.

Further development of the system is associated with the expansion of
search sources. In its current implementation, the tool operates with the
arXiv repository; however, future integration with other scientific plat-
forms such as CrossRef, OpenAlex, and GitHub is planned. This will ex-
pand the range of sources and improve the quality of search results.

Thus, the proposed approach can be used as a supporting tool in edu-
cational and research processes and has strong potential for further devel-
opment.
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PO3POBJIEHHS IHCTPYMEHTA ABTOMATIM30OBAHOI'O ITOLITYKY
JOCIITOAHVIBKIMX MATEPIAJIIB Y TTIPOLECI HABYAHH:I

Beryn. CydacHi cTymeHT™ i JOCTIIHVKM OiOTh B yMOBaX CTPIMKOrO 3pOcTaHHS 00cs-
riB nmdposoi indopmarii. Po3BuToK BinKpuTOi HayKu, eIeKTpoHHMX 0iOmioTex i
OHJIAVH-IUIaTdOPM IIPU3BIB 10 CYyTTEBOrO PO3IIMPEHHS JOCTYIY A0 HayKOBVX 3HaHb.
BonHouac mpobiiema gocTymy 110 iHdopMallil IIocTyIoBo TpaHcdopMyBasIacs y Ipo-
OiteMy T epeKTMBHOTO BifOOpY Ta iHTepIIpeTariil. 3a pe3ysIbTaTaMy Cy4acHMX IOCIIi-
IDKeHb, iHdoOpMaliHe IIepeBaHTOXEHHS € OJHWMM i3 KIIFOYOBMX UYMHHWIKIB, IIIO
YCKITaJHIOIOTh HaBYaJIbHY JIiSUIbHICTD, 3HVDKYIOTh KOHIIEHTPAllifo yBarut Ta I BUIILY-
I0Tb Mi3HaBa/IbHe HaBaHTa)KeHHsI KOPUCTyBayiB. Y 111 POBOMY OCBITHROMY ceperio-
BUIII CTYAEHTU 3MYIIIeHi CaMOCTIiVIHO 3/IiVICHIOBaTH IIOIIYK, OIiHIOBAaHH: Ta CHCTe-
MaTM3allilo BeJIMKOI KUIBKOCTI JIKeperl, 1110 IoTpebye ccpopMoBaHMX HaBUUOK iHPOp-
MaIiTHOI I'PaMOTHOCT] Ta KPUTUYHOTO MMCIIeHHS. Hammimmok HecTpyKTypoBaHOL
iHdopMarIil CTBOPIOE 0/IaTKOBE 30BHIITHE KOTHITMBHE HaBaHTaKeHHs, sIKe HeraTyB-
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HO BIUIMBAE Ha IIpoliec HaBYaHHs Ta 3aCBOEHHS 3HaHb. Hespaxkarouy Ha 3HaUHY Kijlb-
KIiCTh JOCTYIIHMX €JICKTPOHHMX PeCcypciB, IpoIiec MOITyKy HayKOBMX MaTepiasliB 3a-
JIVIIIAEThCA TPYHAOMICTKMM 1 YacTO CYyIPOBOIKY€ETLCA IepeBUTpaTaMy dacy Ta 3HU-
JKeHHSIM HaBYaJIbHOI MOTMBAIIil.

Merta. Po3spobuty Ta arpoOysatm mporpamumii iHcTpyMeHT Automated Research
Assistant, IpU3HAYeHUN [JIs aBTOMATU30BaHOI'O IOIIYKY Ta IIePBUHHOIO CTPYKTY-
PyBaHH: HayKOBVIX MaTepiasliB y IIpoLeci HaBYaJIbHOL VI TOCIiIHUIBKOT JisIbHOCTI.

Metonwn. Automated Research Assistant peasii3oBaHWM SIK IIPOTPAMHIV KOMIUTIEKC
i dpyHKIiOHYE€ 5K BeOOpieHTOBaHMI 3acTOCYHOK. [IporpaMHmi KoMIUIeKC po3pobiie-
HO 3 BUKOPMCTaHHSIM MOBMU IporpaMyBaHHsi Python Ta BeGiHCTpyMeHTIB (30KpeMa
Streamlit), o 3a0e3I1eUyIOTh B3a€MOIIO 3 30BHIIIHIMM HayKOBMMM OasaMm JaHVIX
uepes rporpami inrepdericu (API).

PesynbraTi. Y po0Oorti npoanastizosaHo mipodiieMy iHdopManintHoro mepesaH-
TaKeHHs Ta CKJIA/THOCTI IOITyKy HayKOBVX JKepesl y CydacHOMY ITMdPOBOMY OCBIT-
HbOMY cepertopuili. [TokasaHo, 1110 TOCTYIIHICTE €JIeKTPOHHMX PecypciB He 3aBXau
3a0e3neuye edeKTMBHICTh HaBUYaHHS Uepe3 HeIOCTaTHIM piBeHb cdOpMOBAHOCTI Y
CTYEHTIB HaBMYOK HAaYKOBOTO IIOIIYKY Ta OIiHIOBaHHS iH(opMarlii. 3armpoIrioHoBa-
HO npvHIWIWM 11o0ymosu Automated Research Assistant — aBTOMaTM30BaHOTO iHCTPY-
MeHTa HiATPUMKM HaBYaJIbHOI Ta HOCIIAHUIIBKOL OisIbHOCTL. PeatisoBaro BebopieH-
TOBaHMUV IIPOrPaMHNII KOMIUIEKC aBTOMaTM30BaHOIO IIOIITYKY HayKOBMX MaTepiasliB
i3 BUKOPUCTaHHSM BiIIKPUTOTO Pelo3UTOPiI0 MpelpuHTiB arXiv uepe3 IporpaMHUIL
intepderic API. Cuctema 37ilICHIOE IIOIIYK, IIEPBUHHUI BifIip Ta CTPyKTypoBaHe
30epeXxeHHS pesyJIbTaTiB, popMytoun Habip MeTamaHux mmyOsmiKariiv (HasBa, KOpPOT-
KMV OIINC, IOCWJIAHHS Ha JIKepeJIo).

BucHOBKM. 3anpomoHOBaHWMI MAXiA CIPsMOBAaHO Ha 3MEHIIIEHHS HaBaHTa-
JKeHHs Ha KOPUCTyBadva Ta MifBUINEHHs epeKTMBHOCTI poboTu 3 HaykoBoo iHpOP-
Malli€fo B Iporieci HaBuaHHS. ApXiTeKTypa IIPOrpaMHOI0 KOMIUIEKCY Ilepemdavac
MOJJIVBICTD IIOJAJIBIIIOTO PO3IIVIPEHHd i3 IIK/IFOYeHHsM [TO[aTKOBMX HayKOBWIX
w1aTopM Ta PisHMX JKepesl JaHVX.

Karouobi caroba: abmomamusobarnuii nowyx, Automated Research Assistant, Bebopienmo-
Banuil npoepamuuil Komniexc, peno3umopin npenpunmib arXiv, nioBuujenns ecpexmubroc-
mi pobomu.
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