Topic 2
[bookmark: _GoBack] The Concept of a Scientific Database

Learning objective. To explain the structure, functions and limitations of scientific databases and to develop a reproducible approach to searching, selecting and documenting research literature.

1. Scientific databases: definition, structure and research functions
A scientific database is an organized digital information system that stores, describes, indexes and retrieves scholarly information according to defined data structures and search rules. Depending on its scope, a database may contain bibliographic records, abstracts, full-text articles, conference papers, books, patents, research datasets, crystallographic structures or numerical measurements. Its primary value is not the quantity of stored records but the ability to locate relevant, traceable and sufficiently reliable evidence. The distinction between a database and a search engine is important. A general web search engine retrieves heterogeneous web content; a scientific database usually applies explicit selection policies, standardized metadata and field-specific retrieval. Nevertheless, database inclusion is not a guarantee of scientific validity. Researchers must independently evaluate the methods, evidence, publication venue and potential conflicts of interest of each source. A typical bibliographic record contains a title, author names and affiliations, publication year, journal or conference title, abstract, keywords, document type and persistent identifiers such as a DOI. Additional fields may include cited references, funding information, subject classifications, accession numbers and links to full text. These fields make it possible to search not only for words but also for authors, institutions, periods, materials and methods.
Bibliographic databases should be distinguished from citation indexes and research data repositories. A citation index connects publications through their reference relationships and supports citation-based analysis. A repository stores research outputs, often including datasets, software and supplementary files. A specialized materials database may provide experimentally measured or computationally predicted phase, crystal-structure and property data. These systems overlap, but they answer different research questions. Database quality depends on coverage, update frequency, metadata accuracy, interoperability, transparent indexing rules and stable identifiers. Coverage is selective: a database may favor particular languages, journals, regions, publication types or time periods. Consequently, an apparent absence of publications may reflect search design or database coverage rather than a genuine research gap.
2. Major types of scientific databases and selection criteria
Multidisciplinary citation databases, including Scopus and Web of Science Core Collection, support broad literature discovery, cited-reference tracking and research mapping. Their indexed content and analytics differ, so search results and citation counts are not interchangeable. Dimensions and OpenAlex offer additional discovery and metadata pathways, although access conditions, coverage and available fields vary. Google Scholar can expand discovery but provides less transparent indexing and reproducibility controls than curated bibliographic platforms.
Discipline-oriented resources complement multidisciplinary systems. INSPEC covers physics, engineering and related technical literature; IEEE Xplore concentrates on engineering and computing publications; PubMed primarily indexes biomedical literature. For materials research, the Crystallography Open Database provides crystallographic structures, while the Materials Project provides computed materials information. The NIST Chemistry WebBook and other NIST resources provide evaluated scientific data within their stated scopes. These resources must be used with attention to data provenance, measurement conditions and licensing. Open-access repositories such as Zenodo and institutional repositories facilitate preservation and reuse of datasets and other research outputs. A repository record may have a DOI and rich metadata without having undergone journal peer review. Conversely, a journal article can be peer reviewed but its underlying data may remain unavailable. Publication status, data availability and quality assurance should therefore be assessed separately. The appropriate database is selected according to the research question rather than institutional prestige alone. For a systematic literature search, consider topical relevance, disciplinary coverage, document types, searchable fields, export options, citation links, date coverage and access rights. Searching at least two complementary resources can reduce database-specific omissions. A doctoral researcher should explicitly state which databases were searched and why they were selected.

	Resource category
	Typical content
	Primary research use

	Citation index
	Publication metadata and citation links
	Literature mapping and citation tracing

	Subject database
	Discipline-specific scholarly records
	Focused retrieval of technical literature

	Data/structure database
	Measured or computed scientific data
	Verification and comparison of material properties

	Repository
	Datasets, preprints, software and reports
	Access to reusable research outputs


Table 1. Functional differences among common scientific information resources.

3. Search strategy, critical appraisal and reproducibility
A rigorous database search begins with a clearly delimited research question. The researcher identifies central concepts, synonyms, abbreviations, chemical compositions and alternative spellings. Search expressions should capture relevant variants without becoming so broad that the results are dominated by unrelated studies. Boolean operators structure the search. OR joins synonyms and increases recall; AND requires the presence of multiple concepts and generally increases specificity; NOT excludes terms but can accidentally remove relevant records. Quotation marks may request phrase searching, while truncation and proximity operators depend on the platform. Search syntax must be adapted to each database rather than copied without testing. Search performance can be discussed using two conceptual measures. Precision = relevant retrieved records / all retrieved records. Recall = relevant retrieved records / all relevant records in the defined information universe. Precision can be estimated from screened results, whereas true recall is generally difficult to measure because the complete set of relevant publications is unknown. Increasing restrictions often improves precision at the cost of missing some relevant studies.
After retrieval, records should be screened by predetermined inclusion and exclusion criteria. Examples include relevance to alloy composition, processing route, experimental characterization, publication type and reporting completeness. Duplicate records should be removed before screening. Titles and abstracts provide an initial filter, but final eligibility often requires examination of full texts. The researcher must distinguish lack of access to a paper from a scientifically justified exclusion. Critical appraisal addresses methodological adequacy rather than journal metrics alone. For experimental physics, examine sample preparation, instrument calibration, measurement uncertainty, number of replicates, statistical treatment, controls and whether conclusions follow from the data. In phase-analysis studies, check whether diffraction peaks are sufficiently resolved, whether phase assignments are supported and whether processing parameters are reported in reproducible detail.
Citation counts, journal impact indicators and database rankings may describe scholarly visibility, but they do not measure the correctness of an individual result. Recent publications may have few citations despite being highly relevant. Conversely, a frequently cited study may contain methodological weaknesses. Citation-based evidence should therefore supplement, not replace, direct technical evaluation. A reproducible search log should record the database name and platform, search date, exact query, searched fields, filters, number of retrieved records, export format and subsequent screening decisions. Search dates matter because databases continually add and revise records. When a search is updated, report the new date and any modifications to the strategy. Reference-management software such as Zotero, EndNote or Mendeley can organize exported records, PDFs, annotations and citations. Imported metadata must be checked for errors, particularly author names, article titles, volume and issue numbers, page ranges and DOI values. A citation manager is an organizational tool, not a substitute for checking original sources. Ethical use of databases requires accurate attribution, compliance with access and reuse conditions, and avoidance of selective citation. Researchers should not treat a preprint as a peer-reviewed publication without stating its status, and should not present computational predictions as experimentally confirmed measurements. When using automated extraction or AI-assisted discovery, verify references against authentic records and describe methods where necessary.
4. Application to doctoral research and concluding principles
An effective literature review is iterative. Initial reading reveals additional keywords, influential authors, foundational references and methodological disagreements. Backward citation searching examines references cited by a relevant article; forward citation searching identifies later publications that cite it. Both approaches complement keyword retrieval, although neither ensures complete coverage.
The central conclusion is that a scientific database is part of a research infrastructure, not an authority that determines truth. Strong doctoral work combines deliberate database selection, transparent searching, critical evaluation, accurate citation and responsible use of research data. These practices establish a defensible foundation for identifying research gaps and designing new experiments.
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