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Abstract. The growing adoption of Large Language Models in scientific re-
search has created a need to understand what competencies researchers and
graduate students require to use these tools critically and responsibly. This
rapid review analyzed 194 articles retrieved from Elicit and Google Scholar
(2022-2025), from which 40 were selected for competency extraction and the-
matic analysis following independent dual screening (Gwet ACI: 0.76-0.83).
Eight competencies were identified. The most prevalent was domain expertise
and oversight of Al outputs (Xn = 123), encompassing subject-matter mas-
tery, systematic skepticism, source verification, and researcher accountability.
Other key competencies include metacognition and decision making about Al
use (Xn = b5), ethics and academic integrity (Xn = 53), prompt engineering
for research (Xn = 38), and reproducibility of Al use (Xn = 29). Al liter-
acy and technical knowledge (>n = 16) was explicitly identified as a risk fac-
tor when absent, with domain expertise treated as a prerequisite for meaningful
critical evaluation. The findings suggest that preparing researchers to use LLMs
goes beyond technical instruction, requiring an integrated set of epistemic, eth-
ical, and methodological competencies centered on human accountability for
the knowledge produced. These results have direct implications for the design
of graduate programs and Al literacy initiatives.

Resumo. A crescente adocdo de Large Language Models na pesquisa cientifica
criou a necessidade de compreender quais competéncias pesquisadores e estu-
dantes de pos-graduagdo precisam desenvolver para utilizar essas ferramen-
tas de forma critica e responsdvel. Esta rapid review analisou 194 artigos
recuperados do Elicit e do Google Scholar (2022-2025), dos quais 40 foram
selecionados para extracdo de competéncias e andlise temdtica, apds triagem
dupla independente (Gwet AC1: 0,76-0,83). Oito competéncias foram identi-
ficadas. A mais prevalente foi o dominio do assunto e a supervisdo das saidas
da IA (Xn = 123), que abrange conhecimento do tema, ceticismo sistemdtico,
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verificacdo de fontes e responsabilidade do pesquisador sobre o conteiido pro-
duzido. Outras competéncias relevantes incluem metacognicdo e tomada de de-
cisdo sobre o uso da IA (Xn = 55), ética e integridade académica (Xn = 53),
engenharia de prompt para pesquisa (¥Xn = 38) e reprodutibilidade do uso da
IA (Xn = 29). A alfabetizacdo em IA e o conhecimento técnico (Xn = 16) foram
explicitamente identificados como fator de risco quando ausentes, com o con-
hecimento de dominio atuando como pré-requisito para uma avaliacdo critica
significativa. Os resultados sugerem que preparar pesquisadores para o uso de
LLMs vai além da instrucdo técnica, exigindo um conjunto integrado de com-
peténcias epistémicas, éticas e metodologicas centradas na responsabilidade
humana pelo conhecimento produzido. Esses resultados tém implicacoes dire-
tas para o design de programas de pos-graduagdo e iniciativas de alfabetiza¢do
em IA.

1. Introduction

Artificial Intelligence (Al) has supported teaching, learning, and assessment for years
[Chen et al. 2020], stimulating discussions on digital literacy, Al literacy, critical
thinking, and the skills needed in technology-mediated environments [Ng et al. 2021,
Reyes and Morales 2021, Meerah et al. 2012].  Generative Al and Large Language
Models (LLMs) extended this through natural language interfaces [Meyer et al. 2023,
Rahman et al. 2023]. Unlike earlier educational technologies built for specific pur-
poses, LLLMs support a broad range of academic activities, from information retrieval
and summarization to writing, programming, and problem solving [Meyer et al. 2023,
Rahman et al. 2023, Lissack and Meagher 2024].

Software engineering education is one domain where this impact has drawn par-
ticular attention, with reported use in programming, requirements, design, testing, docu-
mentation, and learning activities [Kozov et al. 2024, Kirova et al. 2024]. Concerns have
followed regarding academic integrity, overreliance on generated content, learning out-
comes, and the preparation of professionals able to work responsibly in Al-assisted envi-
ronments [Santos et al. 2026, Kirova et al. 2024, Kozov et al. 2024].

Beyond education, LLMs are increasingly used across the research lifecycle
for literature exploration, idea generation, academic writing, coding, peer review,
and data analysis [Rahman et al. 2023, Meyer et al. 2023, Reddy and Shojaee 2025,
Trinkenreich et al. 2025, Trinkenreich et al. 2026]. This creates opportunities but also
raises concerns regarding transparency, reproducibility, hallucinations, bias, source ver-
ification, scientific integrity, and researcher accountability [Lissack and Meagher 2024,
Blau et al. 2024, Meyer et al. 2023, Rahman et al. 2023]. In software engineering re-
search, guidelines have begun to support the rigorous use and reporting of LLM-based
studies [Baltes et al. 2025, Trinkenreich et al. 2025, Trinkenreich et al. 2026].

Research traditionally requires competencies related to critical evaluation of ev-
idence, methodological rigor, information management, ethical conduct, knowledge
synthesis, and scientific communication [Meerah et al. 2012, Reyes and Morales 2021,
Wohlin 2007, Pizard et al. 2021, Kitchenham et al. 2004, Kitchenham et al. 2009], while
Al literacy research emphasizes understanding Al capabilities and limitations, evalu-
ating outputs, and making informed decisions about their use [Ng et al. 2021]. How
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these competencies intersect in Al-assisted research remains underexplored, and those
required for the effective, critical, and responsible use of LLMs remain dispersed
across the literature [Meyer et al. 2023, Rahman et al. 2023, Lissack and Meagher 2024,
Trinkenreich et al. 2026].

To address this gap, this study identifies and consolidates the competencies re-
quired for the use of LLMs in scientific research, with particular attention to software
engineering research, analyzing studies published between 2022 and 2025 that document
real practices mediated by generative Al tools. It addresses the following research ques-
tion: RQ: What competencies are required for the effective, critical, and responsible
use of large language models throughout the scientific research process? The pa-
per makes three contributions: it synthesizes empirical evidence on how LLMs are used
across the research process, identifies and consolidates competencies associated with Al-
assisted research, and discusses implications for software engineering research, graduate
education, and researcher preparation.

2. Background

Scientific research is fundamentally a process of producing, evaluating, interpreting, and
communicating knowledge. In software engineering, evidence-based approaches em-
phasize systematic, transparent, and reproducible procedures [Kitchenham et al. 2004,
Kitchenham et al. 2009, Wohlin 2007], which are especially important in secondary
studies such as systematic literature reviews, where conclusions depend on rigorous
identification, selection, analysis, and synthesis of evidence [Kitchenham et al. 2004,
Kitchenham et al. 2009, Pizard et al. 2021]. Research quality therefore depends not only
on the evidence but also on the decisions researchers make throughout the process.

LLMs have introduced new possibilities for supporting research, with re-
ported use for literature exploration, idea generation, scientific discovery, coding, aca-
demic writing, peer review, and data analysis [Rahman et al. 2023, Meyer et al. 2023,
Reddy and Shojaee 2025, Trinkenreich et al. 2025, Trinkenreich et al. 2026]. In soft-
ware engineering research, these tools have been incorporated into exploratory
investigations, empirical studies, and evidence synthesis [Trinkenreich et al. 2025,
Trinkenreich et al. 2026], helping researchers navigate increasingly large bodies of lit-
erature [Rahman et al. 2023, Meyer et al. 2023, Reddy and Shojaee 2025].

At the same time, this growing role has prompted discussions about researcher
oversight, accountability, and the evaluation of outputs whose internal decision processes
are difficult to inspect [Lissack and Meagher 2024, Blau et al. 2024]. Reported concerns
include hallucinations, inaccurate references, unsupported claims, bias, and limited trans-
parency [Meyer et al. 2023, Rahman et al. 2023, Lissack and Meagher 2024]. Such is-
sues are particularly relevant in evidence synthesis, where judgments made during study
selection, quality assessment, data extraction, coding, and synthesis directly shape the
resulting body of evidence, and errors may propagate to subsequent analysis and interpre-
tation [Kitchenham et al. 2004, Kitchenham et al. 2009, Baltes et al. 2025].

Recent guidance for LLM-based software engineering studies reflects these con-
cerns by emphasizing transparent reporting of Al use, reproducibility, documenta-
tion of prompts and interactions, and careful evaluation of outputs [Baltes et al. 2025].
Rather than treating LLMs solely as productivity tools, the literature increasingly
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examines their influence on retrieval, interpretation, synthesis, and communication
[Lissack and Meagher 2024, Blau et al. 2024, Trinkenreich et al. 2026]. Consequently,
Al-assisted research must preserve scientific rigor, maintain accountability for research
decisions, and keep conclusions grounded in evidence.

3. Method

This study aims to identify and consolidate the competencies required for the use of
LLM:s in scientific research, with particular attention to software engineering research.
To achieve this objective, we conducted a rapid review, an evidence synthesis approach
that follows the main principles of systematic reviews while enabling timely investiga-
tion of emerging topics [Cartaxo et al. 2020]. The review comprised four phases: study
identification, study selection, data extraction, and thematic analysis.

3.1. Study Selection

Initially, 194 articles were selected for analysis, of which 100 were obtained from the first
10 pages of Google Scholar results and 94 were retrieved using the Elicit tool, already
excluding duplicates also returned by Google Scholar. In Elicit, an Al-assisted seman-
tic search was conducted in scientific databases, with studies ranked according to their
thematic relevance. In Google Scholar, the first 10 pages of results were considered to
broaden the coverage of the literature, including possible grey literature, preprints, and
relevant publications not indexed in traditional databases. We used Elicit and Google
Scholar rather than curated databases such as Scopus, Web of Science, the ACM Digital
Library, and IEEE Xplore because, as a rapid review of a fast-moving topic, we prioritized
timely retrieval over exhaustive coverage. The complete search strings and the protocol
adopted in this stage are reported in the artifacts (Section 7).

After the initial selection of articles from the respective search sources, the re-
search team, composed of four researchers, met to define the screening strategy. The
screening process was organized into two distinct groups, each composed of two re-
searchers. Group 1 was responsible for analyzing the first 97 articles, while Group 2
was responsible for analyzing the remaining 97 articles. The methodological execution of
the selection and screening process is summarized in Figure 1(a).

The screening of studies was conducted based on previously defined inclusion
and exclusion criteria. Studies were included if they: (I1) were published between 2022
and 2025 and documented scientific research practices mediated by generative Al tools;
(I2) reported at least one concrete use of Al within a stage of the research process; (I3)
described Al tools together with their purpose, research context, or level of autonomy;
(I4) provided sufficient information to infer methodological adaptations or competencies
associated with Al use; and (I5) were written in English or Portuguese, the paper that not
attend the inclusion criteria are excludes.

In the first screening stage, the researchers assessed the titles and abstracts of the
selected studies to determine their relevance to the use of artificial intelligence in scientific
research. This stage resulted in 48 articles selected for full-text analysis, 37 from Group
1 and 11 from Group 2. In the second stage, these articles were analyzed in greater depth
according to the inclusion and exclusion criteria defined for the study. As a result, 40
articles were selected for data extraction.
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194 articles retrieved

Elicit Google Scholar
94 articles - Al semantic search 100 articles - first 10 pages

Al-assisted screening Al-assisted apalysis - LLM

initial — title/abstract — full-text
—— 40 articles 17 articles

Group 1: 97 — 37 — 29
P97 =97 = 17 articles (Al)

parallel LLM selection 147 instances 199 occurrences

Group 2: 97 — 11 — 11
26 codes (phase 4) 13 codes

40 articles
AC10.76-0.83 - k 0.52-0.75 7 themes 9 themes

Selection overla|
P Merge equivalent themes

8 consolidated themes
16 1 detailed in Results (Section 4)

both / Alonly
(b) Parallel manual and Al-assisted thematic analysis.

(a) Article selection.

Figure 1. Overview of the review process
Note. (a) Article selection: 194 retrieved articles were screened independently by humans (40 selected)
and by an Al-assisted procedure (17 selected). (b) Thematic analysis: 7 manual and 9 Al-assisted themes
were merged into 8 consolidated competencies.

To complement the manual screening, an Al-supported validation was conducted
on a set of 194 articles using the same inclusion and exclusion criteria. The applica-
tion identified 17 articles already included in the manual review and 1 additional article
not previously selected by the researchers. However, after reviewing this article, the re-
searchers decided not to include it in the final corpus, as it did not fully meet the accep-
tance criteria. Therefore, the final set of studies remained composed of 40 articles.

To evaluate the reliability of the screening process, three chance-corrected agree-
ment coefficients were computed over the reviewers’ independent include/exclude clas-
sifications: Gwet’s AC1 [Gwet 2008], Krippendorff’s Alpha [Krippendorff 2018], and
Weighted Cohen’s Kappa [Cohen 1968]. Gwet’s AC1 values ranged from 0.76 to 0.83,
indicating substantial to almost perfect agreement between reviewers, following the in-
terpretation benchmarks proposed by Landis and Koch [Landis JRKoch 1977]. Krippen-
dorff’s Alpha and Weighted Cohen’s Kappa values ranged from 0.52 to 0.75, indicating
moderate to substantial agreement. In this study, Gwet’s AC1 was adopted as the pri-
mary agreement indicator because it is less sensitive to prevalence effects and category
imbalance than traditional kappa-based statistics [Gwet 2008].

3.2. Data Extraction and Data Analysis

The extracted competency instances were analyzed using thematic analysis
[Cruzes and Dyba 2011]. We adopted an inductive approach in which themes emerged
from the extracted data. Coding of the 147 competency instances followed an iterative
process of comparison, refinement, and merging of codes representing similar skills,
knowledge areas, responsibilities, or practices, which produced 26 codes in the fourth
coding phase. These codes were subsequently consolidated into 7 higher-level themes
describing the competencies reported in the literature for the effective and responsible use
of LLMs in scientific research, which are available in the repository at zenodo.21313656.
All coding decisions, code revisions, theme definitions, and final interpretations were
performed and validated by the researchers.
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In addition to the manual analysis, a complementary thematic analysis was con-
ducted with an LLM-based approach, whose implementation, including the model, ver-
sion, parameters, and prompts, is documented in the artifacts (Section 7). Operating inde-
pendently over the 17 articles it had selected, the software tool extracted 199 competency
occurrences and generated 9 themes, as summarized in Figure 1(b). The Al-assisted anal-
ysis served as a complementary coding lens rather than an autonomous source of conclu-
sions. Its themes were compared against the codes defined manually by the researchers,
who reviewed and validated them and retained full responsibility for every coding deci-
sion, theme definition, and final interpretation.

Finally, by comparing the themes generated through the Al-supported analysis
with those defined manually by the researchers, conceptual similarities and overlaps be-
tween categories were identified. The researchers refined the nomenclature produced by
both analyses, grouping semantically related themes under a single label. This procedure
reduced redundancies, standardized the terminology, and strengthened the coherence of
the final thematic structure, consolidating the results into 8 final themes, which are pre-
sented in the Results.

The merging process was conducted by the two senior researchers, who inde-
pendently reviewed the themes produced by both analyses and proposed equivalences
based on conceptual overlap in definition and scope. Cases of disagreement were re-
solved through discussion until consensus was reached. No formal inter-rater agreement
metric was calculated for this phase, as the decisions involved interpretive judgment about
theme boundaries rather than binary classification.

The criterion for consolidation was conceptual equivalence. Themes from the
manual and Al-assisted analyses that described the same competency were merged un-
der a single label, while themes that appeared in only one of the analyses were kept as
separate competencies. Applying this criterion to the seven manual themes and the nine
Al-assisted themes resulted in eight final competencies. The complete mapping between
the original themes and the eight consolidated competencies is available in the repository
at zenodo.21313656.

3.3. Threats to Validity

Our findings should be interpreted considering the limitations inherent to the adopted
method. First, as a rapid review, this study relied on Elicit and Google Scholar rather
than curated bibliographic databases such as Scopus, Web of Science, the ACM Digital
Library, and IEEE Xplore. Excluding these sources may have reduced both coverage and
reproducibility, since peer-reviewed studies indexed only in them could have been omit-
ted, and the semantic ranking performed by Elicit is not fully transparent, which further
limits the replicability of the retrieval. Second, competency identification and coding in-
volved qualitative interpretation, although independent screening, agreement assessment,
and iterative discussions among the researchers were used to mitigate this threat. Third,
the manual and Al-assisted analyses extracted competencies at different densities, ap-
proximately 3.7 instances per article in the manual analysis (147 across 40 articles) and
11.7 per article in the Al-assisted analysis (199 across 17 articles), and covered different
numbers of studies. In addition, the pooled counts were not de-duplicated across the two
analyses, so an instance identified in both contributed to each source. The pooled fre-
quencies (2n) should therefore be read as an indication of the relative salience of each
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competency rather than a precise measure of prevalence or a count of unique instances. Fi-
nally, the identified competencies reflect a rapidly evolving body of literature and should
be interpreted within the context of publications available between 2022 and 2025.

4. Results

Our analysis identified eight competencies associated with the use of Al in research.
These competencies describe the knowledge, skills, responsibilities, and decision mak-
ing processes reported in the literature as necessary for the effective, critical, and re-
sponsible use of Al throughout the research lifecycle. Table 1 presents the identified
competencies, their frequencies, definitions, and representative evidence extracted from
the reviewed studies. Because the manual and Al-assisted analyses were pooled without
de-duplication, the reported frequencies (2n) should be read as indicators of the relative
salience of each competency rather than absolute counts of unique instances. The follow-
ing sections describe each competency and discuss how they were characterized across
the reviewed studies.

4.1. Domain Expertise and Oversight of AI Outputs.

Domain expertise and oversight of Al outputs was the most frequently reported compe-
tency. This competency refers to the ability to critically assess Al generated outputs,
verify information against external sources, identify inaccuracies and hallucinations, and
retain responsibility for research decisions and conclusions. The reviewed studies sug-
gest that this evaluation depends on sufficient domain expertise, since detecting subtle
errors, superficial reasoning, or misleading claims requires subject-matter knowledge that
may exceed what the Al tool itself provides. Researchers without an adequate command
of the topic may accept plausible but flawed outputs, as the ability of the tools can ex-
ceed the skills of the person using them. Across the reviewed studies, domain knowledge
was portrayed as essential for distinguishing meaningful contributions from superficial
ones, recognizing which hypotheses merit further exploration, and arriving at ground-
truth conclusions from Al responses. For example, a researcher using an LLM to sum-
marize studies for a literature review would still need enough domain expertise to verify
claims against the original sources, detect misrepresented findings, and judge whether the
synthesis meaningfully advances the field before incorporating it into a manuscript.

4.2. Metacognition and Decision Making Regarding AI Use

The second most recurrent competency concerns the ability to determine when, where,
and how Al should be used during research activities. This competency positions re-
searchers as active decision makers who evaluate the appropriateness of Al support ac-
cording to task characteristics, methodological requirements, and research goals. The lit-
erature frequently portrayed Al as a collaborator rather than a replacement for researchers.
Studies highlighted the importance of maintaining humans in the loop, combining human
and Al contributions, and deciding which tasks should remain under direct human con-
trol. Effective Al use therefore depends on researchers’ ability to judge the suitability of
Al support in different contexts. For example, a researcher might use Al to organize inter-
view transcripts or generate preliminary themes while reserving theoretical interpretation
and conclusion development for themselves.
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4.3. Ethics, Privacy, and Academic Integrity

Ethics, privacy, and academic integrity emerged as another highly recurrent competency.
This competency encompasses responsible Al use, protection of sensitive information,
transparency regarding Al involvement, appropriate attribution of authorship, prevention
of plagiarism, and awareness of legal and societal implications. The reviewed studies
discussed ethical considerations from multiple perspectives, including data privacy, bias,
ownership of Al generated content, responsible disclosure of Al use, and academic hon-
esty. Collectively, these studies suggest that ethical considerations should accompany Al
use throughout the entire research process rather than being addressed only at publica-
tion time. For instance, a researcher analyzing proprietary organizational data with Al
tools would need to ensure that confidential information is protected, Al use is disclosed
appropriately, and final interpretations remain under human responsibility.

4.4. Prompt Engineering for Research

Prompt engineering refers to the ability to formulate effective instructions that guide Al
systems toward useful and reliable outputs. This competency includes defining objec-
tives, providing context, specifying expected outputs, and iteratively refining interactions
according to task requirements. Evidence related to this competency emphasized that
prompt quality directly influences output quality. Studies described prompt engineering
as a structured activity involving clear instructions, contextual information, iterative re-
finement, and explicit specification of desired outcomes. Researchers were frequently
encouraged to refine prompts when initial outputs were unsatisfactory. For example, a
researcher seeking themes in interview data may initially obtain generic results and sub-
sequently refine the prompt by specifying the study context, participant population, and
analytical objective.

4.5. Reproducibility and Reporting of AI Use

Reproducibility and reporting of Al use concerns the documentation and disclosure of
how Al tools are employed during research activities. This competency includes reporting
prompts, model versions, configurations, and Al assisted tasks to promote transparency,
accountability, and reproducibility. The reviewed studies frequently emphasized the im-
portance of documenting Al use. Reporting practices were discussed as mechanisms for
enabling replication, supporting transparency, and helping readers understand how Al
contributed to research outcomes. Several studies also referred to emerging institutional
expectations regarding disclosure of Al use in scientific work. A research team using an
LLM to assist with article screening in a literature review, for example, would be expected
to document the prompts, model version, and validation procedures used throughout the
process.

4.6. Methodological and Experimental Design with Al

Methodological and experimental design with Al refers to the ability to incorporate Al
into research planning and study design. This competency includes defining research
objectives, specifying constraints, describing datasets adequately, and designing work-
flows that account for the strengths and limitations of Al systems. The reviewed stud-
ies suggest that successful Al use depends substantially on the quality of the research
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design surrounding it. Evidence highlighted the importance of clearly formulated re-
search goals, well defined datasets, structured workflows, and explicit methodological
constraints. These elements influence the quality and reliability of Al generated outputs.
For example, a researcher designing an Al assisted study would need to define research
questions, describe the available data, and establish validation procedures before intro-
ducing Al into the workflow.

4.7. AI Literacy and Technical Knowledge

Al literacy and technical knowledge refers to understanding how Al systems function,
including their capabilities, limitations, risks, and technical characteristics. This compe-
tency enables researchers to make informed decisions regarding tool selection, interpreta-
tion of outputs, and appropriate use of Al systems. The literature suggests that effective Al
use requires more than operational familiarity with Al tools. Researchers were expected
to understand model limitations, recognize potential risks, evaluate available tools, and
determine whether specific systems were suitable for particular research tasks. Several
studies also emphasized the need for formal training and Al related competencies within
research education. For example, a researcher selecting an Al tool for qualitative cod-
ing would need to understand how the model operates, its limitations, and the potential
implications of its outputs for the validity of the study.

4.8. Data Analysis and Interpretation with AI

The final competency concerns the use of Al to support quantitative, qualitative, and ex-
ploratory data analysis activities. It includes generating analytical code, supporting statis-
tical analyses, identifying patterns, processing research materials, and assisting with inter-
pretation while preserving human responsibility for final conclusions. Although less fre-
quently reported than other competencies, several studies described Al as a useful tool for
supporting analytical activities. Reported applications included generating code, support-
ing statistical procedures, identifying patterns in datasets, and assisting with exploratory
analyses. At the same time, studies consistently emphasized that human researchers re-
main responsible for evaluating analytical quality and interpreting results. For example,
a researcher using Al generated code to analyze software repository data would still need
to verify the correctness of the analysis, assess the suitability of the analytical approach,
and determine whether the resulting findings are supported by the evidence.

To improve traceability, Table 1 is complemented by a competency-to-study ma-
trix that maps each of the eight consolidated competencies to the primary studies from
which its instances were extracted; the full matrix and the study identifiers are available
in the artifacts (Section 7).

4.9. Answer to the Research Question

Our findings indicate that the effective, critical, and responsible use of LLMs in scientific
research requires competencies spanning the entire Al-assisted process, from understand-
ing Al capabilities and limitations, designing workflows, and formulating prompts, to
evaluating outputs, conducting Al-assisted analyses, ensuring transparency, and maintain-
ing ethical responsibility. The eight competencies suggest that Al-assisted research is not
simply about adopting new tools, but about developing expertise that combines technical
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Table 1. Competencies for Al-Assisted Research

Competency ¥n  Description Representative Evidence
Domain Expertise and Over- 123 Ability to critically assess AI-  “Researchers should always evaluate critically
sight of Al Outputs generated outputs, verify information,  the generated results and compare them with
and identify inaccuracies, supported  existing knowledge or expert opinions to ensure
by sufficient domain expertise to rec-  the validity of conclusions” (ID41). “Detecting
ognize errors and retain responsibility ~ such misleading statements can be challenging,
for research conclusions. especially when the abilities of the tools exceed
the skills of the person using them” (ID56).
Metacognition and Decision 55 Ability to determine when, where, and ~ “Its scientist-in-the-loop design prioritizes cog-
Making Regarding Al Use how Al should be used during research  nitive collaboration over full automation”
activities and when human expertise ~ (ID151). “We envision these technologies as
remains necessary. augmenting rather than replacing human re-
searchers” (ID67).
Ethics, Privacy, and Aca- 53 Ability to use Al responsibly while  “Ethical concerns are well-documented in ex-
demic Integrity considering privacy, authorship, trans-  isting studies that highlight issues such as data
parency, plagiarism, and broader ethi-  privacy, misinformation, and unintended bi-
cal implications. ases” (ID49). “Such initiatives can ensure the
benefits of Al augmentation without compro-
mising academic integrity” (ID40).
Prompt Engineering for Re- 38  Ability to formulate, refine, and con-  “Prompt engineering is the process of creat-
search textualize prompts to obtain reliable ing clear, concise and easily understandable
and relevant Al outputs. prompts” (ID12). “GPT-4’s performance can
be improved by asking questions in an itera-
tive manner or providing additional context”
(ID41).
Reproducibility and Report- 29  Ability to document and disclose AI ~ “Authors are advised to retain the dialogue
ing of Al Use use, including prompts, tools, and con-  records to facilitate reviewers, editors and read-
figurations, to support transparency ers in replicating and understanding the pro-
and reproducibility. cess” (ID12). “The use of Al to generate texts
needs to be explicitly acknowledged” (ID63).
Methodological and Experi- 20  Ability to integrate Al into research  “Research goal: Scientist describes a research
mental Design with AT design through clear objectives, con-  goal along with preferences, experiment con-
straints, workflows, and validation straints, and other attributes” (ID142). “The
procedures. process reliability depends on the formulation
of the research goal and the description of the
dataset” (IDS).
Al Literacy and Technical 16  Understanding of Al capabilities, lim-  “Researchers should be equipped with proper
Knowledge itations, risks, models, and technical training to utilize chatbots and other Al tools
characteristics required for informed effectively and ethically” (ID40). “The selec-
use. tion of a suitable base LLM model for finetun-
ing is of utmost importance” (ID93).
Data Analysis and Interpreta- 7 Ability to employ Al to support ana-  “Researchers consider using GenAl to support

tion with Al

lytical activities while preserving hu-
man responsibility for interpretation
and conclusions.

statistical analysis and help recognize patterns
in data as good research practices” (ID13).
“For data analysis and visualization tasks, we
also report on the quality of the analysis and
visualization” (ID56).

knowledge, methodological rigor, critical thinking, and scientific judgment. Preparing re-
searchers for this therefore represents an educational challenge requiring explicit training
and guidance. In software engineering education, these findings point to the need to com-
plement traditional research and technical competencies with Al literacy, human over-
sight, ethical decision making, transparency, and the critical evaluation of Al-generated
outputs, so that future researchers and practitioners can use Al in ways that preserve re-
search quality, integrity, and trustworthiness.

5. Discussion

Although LLMs introduce new forms of assistance throughout the research lifecycle, our
findings suggest that they do not alter the epistemic foundations of research. Rather than
transferring responsibility for knowledge production to Al systems, the identified com-
petencies indicate that researchers remain responsible for evaluating evidence, assessing
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validity, interpreting results, and justifying conclusions. Al-assisted research thus ap-
pears less as a replacement of traditional research expertise and more as a redistribution
of where and how that expertise is exercised. The prominence of competencies related
to domain expertise, oversight, metacognitive decision making, ethics, and reproducibil-
ity suggests that the challenge is not obtaining outputs from Al systems, but governing,
evaluating, and appropriately integrating them into scientific work.

5.1. Comparing Results with the Literature

Our findings align with existing discussions regarding Al-assisted research, which
frequently emphasize concerns related to transparency, reproducibility, hallucina-
tions, bias, source verification, scientific integrity, and researcher accountability
[Meyer et al. 2023, Rahman et al. 2023, Lissack and Meagher 2024, Blau et al. 2024,
Baltes et al. 2025].  Similarly, our results are consistent with traditional concep-
tions of research competence that emphasize critical evaluation of evidence, method-
ological rigor, ethical conduct, and scientific judgment as essential components of
trustworthy research [Kitchenham et al. 2004, Kitchenham et al. 2009, Wohlin 2007,
Meerah et al. 2012, Reyes and Morales 2021]. The predominance of competencies re-
lated to domain expertise, oversight, ethics, and decision making suggests that these
foundational research competencies remain relevant even as Al becomes increasingly in-
tegrated into research workflows.

At the same time, our findings differ from portions of the Al literacy literature
that place stronger emphasis on understanding Al technologies and their technical opera-
tion [Ng et al. 2021]. Although Al literacy, technical knowledge, and prompt engineering
emerged as relevant competencies, they were less recurrent than competencies associated
with domain expertise, oversight, accountability, and methodological decision making.
This pattern suggests that effective Al-assisted research may depend less on technical
mastery of Al systems and more on researchers’ ability to exercise judgment regarding
when Al should be used, how outputs should be validated, and under what conditions
generated content can be incorporated into scientific knowledge claims.

The novelty of this study lies in integrating discussions that frequently appear dis-
persed across different streams of literature. Previous work has addressed Al literacy,
research integrity, responsible Al, prompt engineering, transparency, reproducibility, and
methodological rigor largely as separate concerns. Our findings suggest that these top-
ics collectively describe a broader competency profile required for Al-assisted research.
By consolidating them into a single evidence-based framework, this study provides an
integrated understanding of the knowledge, skills, responsibilities, and decision making
processes needed to conduct research effectively, critically, and responsibly in Al-assisted
environments.

5.2. Implications

Research. This study contributes an evidence-based consolidation of competencies as-
sociated with Al-assisted research. Existing literature has discussed opportunities, risks,
applications, and guidelines for LLM use, but limited attention has been given to sys-
tematically identifying the knowledge, skills, responsibilities, and decision making pro-
cesses researchers require to engage with these technologies responsibly. The identified
competencies provide a foundation for future work on how they are developed, applied,
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and manifested across research contexts, disciplines, and methodological approaches, and
may support competency models, researcher assessment approaches, and guidelines for
responsible practice. More broadly, they contribute to discussions on the role of human
judgment, accountability, and expertise in increasingly Al-mediated knowledge produc-
tion.

Software Engineering Education. Preparing future researchers and graduate students
for Al-assisted environments requires more than technical instruction on Al tools. By clar-
ifying the knowledge, skills, responsibilities, and decision making processes associated
with Al-assisted research, these findings may support instructors in designing research
methods courses, graduate seminars, and Al literacy initiatives, and in defining learning
objectives, structuring training activities, and setting expectations for responsible Al use
across the research lifecycle. For students, particularly at the graduate level, they offer a
clearer understanding of what is expected in increasingly Al-assisted environments. In-
corporating these competencies into research training may help prepare researchers who
engage with Al while maintaining the rigor, integrity, and accountability expected of sci-
entific research.

6. Conclusion

This study investigated the competencies required for the effective, critical, and respon-
sible use of Large Language Models throughout the scientific research process. Through
a rapid review of studies published between 2022 and 2025, we identified eight compe-
tencies associated with Al-assisted research, spanning domain expertise and oversight,
decision making regarding Al use, ethics and academic integrity, prompt engineering, re-
producibility, methodological design, Al literacy, and data analysis. Our findings suggest
that effective use of LLMs in research depends not only on understanding Al systems but
also on maintaining the forms of judgment, accountability, and methodological rigor tra-
ditionally associated with scientific research. The prominence of competencies related to
domain expertise, oversight, ethics, and decision making indicates that researchers remain
responsible for assessing evidence, validating outputs, and justifying conclusions even
when Al systems participate throughout the research lifecycle. Beyond identifying indi-
vidual competencies, this study consolidates discussions that frequently appear dispersed
across the literature on Al literacy, responsible Al, research integrity, reproducibility, and
Al-assisted research practices. The resulting synthesis provides an evidence-based view
of the knowledge, skills, responsibilities, and decision making processes associated with
conducting research in increasingly Al-assisted environments. Findings also suggest that
preparing researchers for these environments requires attention not only to technical as-
pects of Al use but also to the development of competencies that support critical engage-
ment with Al-generated outputs and responsible integration of Al into research work-
flows. Future Work. Future studies may investigate how these competencies manifest
across different disciplines, research methodologies, and stages of the research lifecycle.
Additional research may also explore how researchers develop these competencies over
time and how they can be assessed and supported through training initiatives and institu-
tional guidance. Such investigations may contribute to the development of competency
models, researcher preparation strategies, and guidelines that support the responsible use
of Al in scientific research.
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7. Artifacts

All materials underlying this review are available in the replication package at zen-
0d0.21313656, including the complete search strings for Elicit and Google Scholar, the
screened studies, the coding files of both analyses, a competency-to-study traceability ma-
trix, and the full specification of the Al-assisted procedures (model, version, parameters,
and prompts).

Declaration on the Use of Artificial Intelligence

Generative Al tools supported parts of the qualitative data analysis, as described in the
methodology, and assisted with grammar and language revision of the manuscript. All
Al-generated outputs and suggestions were reviewed, verified, and edited by the authors,
who retain full responsibility for all analytical decisions, findings, and conclusions.
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