Topic 3
Scientific databases: rules for making a search query, keyword search

[bookmark: _GoBack]Learning objective. To develop a reproducible and critically informed approach to identifying scientific literature through the selection of search terms, Boolean logic, database-specific syntax, and systematic refinement of search results.

1. Scientific information retrieval and the structure of a research question
A scientific database search is a structured information-retrieval procedure rather than an unrestricted collection of words. Its purpose is to identify records that address a defined research problem while limiting irrelevant material. The quality of a search depends on the conceptual clarity of the question, the coverage of the selected database, the representation of concepts in indexed records, and the explicit rules used to combine terms. Search results should therefore be interpreted as the output of a documented method, not as a complete or neutral representation of all existing knowledge. Before opening a database, the researcher should formulate a question with a clear subject, phenomenon, context, and, where appropriate, method or outcome. For example: “How does thermal treatment influence the mechanical performance of additively manufactured metallic components?” This question contains several searchable concepts: additive manufacturing, thermal treatment, mechanical performance, and metallic components. Not every concept must appear in the initial query. Including too many mandatory terms may exclude relevant papers whose abstracts use different terminology.
The researcher then develops a concept map. Each concept is represented by alternative terms, abbreviations, spelling variants, and closely related expressions. The phrase “additive manufacturing,” for example, may appear alongside “3D printing,” “laser powder bed fusion,” or “selective laser melting.” These terms are not always interchangeable: the first is a broad process category, whereas the latter terms describe particular methods. A sound strategy preserves such distinctions and chooses terms according to the intended scope of the review. Database coverage also determines the meaning of the result set. Scopus and Web of Science index selected scholarly publications and citation information; subject-specific databases may provide more detailed disciplinary indexing; Google Scholar searches a broader and less transparent collection of scholarly materials. No single database can be assumed to cover every relevant publication. Researchers should report the database and platform, search date, fields searched, and any limits applied.
2. Rules for keyword selection and search-query construction
Keyword searching begins with the distinction between natural-language terms and controlled vocabulary. Natural-language terms are expressions used by authors in titles, abstracts, and keywords. Controlled vocabulary consists of standardized subject descriptors assigned within databases that support such indexing. A controlled term can group records with different author terminology, while free-text searching can capture emerging concepts that have not yet been assigned standardized descriptors. Where available, the two approaches complement one another. A well-constructed query groups synonyms with OR, connects different concepts with AND, and uses NOT only when the exclusion is justified. OR broadens retrieval by accepting any of several alternatives. AND narrows retrieval by requiring concepts to coexist in a record. NOT may eliminate unwanted material, but it can also discard relevant interdisciplinary publications. Parentheses define the intended grouping of operators. Quotation marks commonly request phrase matching, although exact behavior differs between platforms. Wildcards and truncation symbols retrieve word variants, but their supported syntax and limits must be checked in each database.
A general conceptual query can be written as: ("additive manufacturing" OR "3D printing" OR "laser powder bed fusion") AND ("heat treatment" OR annealing OR aging) AND ("mechanical properties" OR hardness OR tensile). This is an illustrative expression, not a universal query that can be pasted unchanged into every interface. A database may require field codes, different wildcard symbols, or modified quotation rules. In particular, “aging” and “ageing” should both be considered when spelling variants are relevant. Field restriction improves interpretability. A title search is often highly specific but may miss papers that discuss the concept only in the abstract. A title–abstract–keyword search generally offers a useful balance for exploratory technical literature searches. Full-text searching may return papers that mention a term only incidentally. The field selection should reflect the review question and should be recorded in the search log. An effective search should be neither maximally broad nor prematurely narrow. Excessively broad queries create a large screening burden and reduce precision; excessively narrow queries risk missing central studies. Search quality is evaluated through both relevance and coverage. Precision is the proportion of retrieved records that are relevant, whereas recall is the proportion of all relevant records that are retrieved. In a real review, total recall is usually difficult to measure because the complete universe of relevant studies is unknown.
Precision = number of relevant retrieved records / number of all retrieved records. Recall = number of relevant retrieved records / number of all relevant records. These definitions explain why a query producing fewer results is not necessarily better: it may simply have omitted valuable evidence. Researchers can test retrieval against a small set of known relevant papers and revise the query if those papers are absent.
3. Executing, refining, and documenting database searches
A defensible workflow proceeds iteratively. The researcher first runs a broad pilot search and examines the vocabulary of highly relevant records. Titles, abstracts, author keywords, and indexed terms may reveal alternative terminology or unexpected subtopics. The query is then revised, with changes logged so that the effect of each revision can be assessed. This process is especially important for interdisciplinary topics where different communities use different names for similar phenomena. Consider a general research question concerning the effect of surface modification on corrosion resistance. An initial query might be ("surface treatment" OR coating) AND (corrosion OR oxidation). Examination of relevant abstracts may suggest adding “surface engineering,” “passivation,” or a named processing method. Conversely, if the result set contains many papers on unrelated biological coatings, the researcher should refine the material or application concept rather than automatically exclude the word “biological” with NOT. The aim is to encode the intended scientific scope, not to remove inconvenient records mechanically.
Advanced interfaces permit filtering by publication year, document type, language, source title, subject category, and other metadata. Filters must serve an explicit rationale. Restricting a review to recent years may be appropriate for rapidly developing instrumentation but unsuitable for establishing foundational theory. Excluding conference proceedings may omit important developments in computing or engineering. Language restrictions may introduce bias. The effect of each restriction should be acknowledged in the methods section. For Scopus, a field-restricted example is TITLE-ABS-KEY(("surface engineering" OR "surface treatment") AND (corrosion OR oxidation)). In Web of Science Core Collection, a topic-search example is TS=(("surface engineering" OR "surface treatment") AND (corrosion OR oxidation)). These examples demonstrate platform-specific field labels; they do not imply identical coverage, tokenization, phrase handling, or retrieval counts. The current documentation of each platform should be consulted before finalizing a systematic strategy. Search results should be exported with enough metadata to support screening and citation management, typically including title, authors, year, source, abstract, DOI, and database identifier when available. Duplicate records should be identified carefully: identical DOI values provide strong evidence, but older or incomplete records may require comparison of title, author, and year. Automated deduplication should be reviewed rather than treated as infallible.
A search log should preserve the exact query, platform, date, field settings, filters, number of results, and explanation for revisions. A record such as “Scopus; 3 November 2026; TITLE-ABS-KEY; query version 2; English-language restriction not applied” is substantially more reproducible than “articles were found using scientific databases.” For systematic reviews, the complete strategies for each source should be made available, including search updates and any supplementary citation searching. The selection of retrieved records is a separate stage from searching. Relevance decisions should follow predefined inclusion and exclusion criteria and, where appropriate, be made by more than one reviewer. Citation chasing can supplement database searches by examining references of included studies and later works that cite them. These supplementary methods should be described separately, because they are not equivalent to a database keyword search.
4. Evaluating search quality and applying the method in doctoral research
A successful literature search produces an auditable evidence base. Researchers should distinguish database indexing from scholarly quality: inclusion in a database does not establish that an individual article is methodologically sound. Citation counts reflect visibility and accumulated attention, not necessarily experimental validity. Critical appraisal must examine research design, sample selection, measurement uncertainty, statistical analysis, reproducibility, and the relationship between conclusions and evidence. Search strategies should be tested for sensitivity to terminology. If a query retrieves articles on “machine learning” but misses studies that use “data-driven modeling,” the omission may reflect vocabulary rather than scientific irrelevance. Similarly, older papers may use terminology that differs from contemporary indexing. Reviewing a sample of highly cited foundational papers can reveal historical language, but citation prominence alone should not determine inclusion.
The researcher should distinguish three outputs: the query itself, the retrieved set, and the final included evidence. A query is an explicit instruction to a database; the retrieved set is a platform- and date-dependent collection of records; the included evidence is the result of applying research-specific eligibility and appraisal criteria. Conflating these stages makes a literature review difficult to reproduce and can conceal selection bias. For a doctoral research project, the practical sequence is to define the question, identify searchable concepts, create synonym groups, select databases, pilot the query, test known relevant records, refine the syntax, document the final search, export and deduplicate results, and screen publications against predefined criteria. This procedure supports literature reviews, identification of research gaps, formulation of hypotheses, and transparent justification of a dissertation’s scientific contribution. Keyword search is a methodological component of scientific inquiry. Its effectiveness depends on conceptual precision, familiarity with database syntax, deliberate balancing of breadth and specificity, and complete documentation. A reproducible search does not guarantee that every relevant paper will be found, but it makes the limits of the evidence base visible and permits subsequent researchers to evaluate and update the search.
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