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Abstract

Artificial Intelligence (Al) is transforming Software Engineering
through agentic systems capable of collaborating with humans in
complex cognitive activities. However, support for research problem
formulation remains limited. This Vision paper introduces Research
Problem Engineering (RPE) as an emerging engineering discipline
and advocates an Agentic Research Problem Engineering (ARPE) per-
spective, where specialized Al agents collaborate with researchers
and practitioners throughout the research problem lifecycle. We
present a conceptual architecture, position Lean Research Inception
(LRI) and LRI Co-Assistant as initial operationalizations, and out-
line a research agenda for advancing human-agent collaboration in
research problem formulation.
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1 Introduction

Research problem formulation is one of the most influential activ-
ities in Software Engineering (SE) research because it can shape
what will be investigated and directly affects the relevance, rigor, ap-
plicability, and potential impact of the resulting knowledge [2, 13].
Previous work has emphasized that high-quality research depends
on identifying meaningful, well-defined, and contextually grounded
problems [13, 14, 17]. This is particularly important given the long-
standing concern with the practical relevance of SE research, where
weak industry engagement, unrealistic assumptions, and poorly
contextualized problems contribute to the gap between academic
research and industrial practice [2, 9]. Despite this, most existing
approaches still focus on evaluating research outcomes rather than
systematically supporting research problem formulation in the early
stages of the research lifecycle [8, 12].

Recent work has started to address this limitation. Pereira et
al. [10] identified and empirically evaluated seven attributes of
practically relevant SE research problems: practical problem, con-
text, implications / impacts, stakeholders, evidence, objectives, and
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research questions. Building on these findings, Lean Research Incep-
tion (LRI) [11] introduced a collaborative approach for formulating,
refining, and initially assessing research problems. Together, these
contributions provide initial evidence that research problem for-
mulation can be supported through explicit processes, structured
artifacts, and evaluation mechanisms rather than relying solely on
researchers’ individual experience.

At the same time, Artificial Intelligence (AI) is reshaping both SE
and scientific research. Large Language Models (LLMs), Al agents,
and agentic systems are increasingly supporting knowledge syn-
thesis, contextual reasoning, hypothesis generation, and scientific
discovery [1, 6]. Initiatives such as LLM-Assisted Empirical SE [3],
Google’s Al Co-Scientist [4], and Agentic SE [5] reflect a broader
shift from Al as a productivity tool toward Al as a cognitive team-
mate in knowledge-intensive activities. This trend is also visible in
LRI Co-Assistant [16], which provides an initial Al-assisted opera-
tionalization of LRI

These developments create a promising opportunity for research
problem formulation. Activities such as understanding context,
identifying stakeholders, gathering evidence, assessing relevance,
challenging assumptions, refining problem statements, and formu-
lating research questions are inherently knowledge-intensive and
well suited to human-agent collaboration. However, most current
agentic SE efforts remain focused on solution-oriented activities
such as development, testing, debugging, documentation, and main-
tenance [15]. Comparatively little attention has been devoted to
how AI agents can support the engineering of research problems
themselves.

We argue that research problem formulation should therefore be
treated as an engineering activity. We introduce Research Problem
Engineering (RPE) as an emerging discipline concerned with the
systematic discovery, formulation, refinement, assessment, and evo-
lution of research problems. In this paper, we advocate an Agentic
Research Problem Engineering (ARPE) perspective, in which spe-
cialized Al agents collaborate with researchers and practitioners
throughout the RPE lifecycle. RPE is broader than its agentic re-
alization: human-centered methods, collaborative workshops, AlI-
assisted tools, and multi-agent ecosystems can all be viewed as
alternative operationalizations of the same underlying discipline.
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The contributions of this Vision paper are fourfold. First, we
introduce Research Problem Engineering (RPE) as an emerging engi-
neering discipline. Second, we propose an Agentic Research Problem
Engineering perspective based on human-agent collaboration and
specialized Al agents supporting the RPE lifecycle. Third, we posi-
tion Lean Research Inception (LRI) [11] and LRI Co-Assistant [16]
as initial human-centered and Al-assisted operationalizations of
this vision. Finally, we outline a research agenda for advancing
Agentic Research Problem Engineering in SE.

2 Towards Agentic Research Problem
Engineering

We define Research Problem Engineering (RPE) as an emerging en-
gineering discipline concerned with the systematic discovery, un-
derstanding, formulation, assessment, and continuous evolution of
research problems. In this paper, we advocate an Agentic Research
Problem Engineering (ARPE) perspective, where these activities are
supported through human-agent collaboration based on an orches-
trated ecosystem of specialized Al agents. In this discipline, Al
agents are not intended to replace human expertise, but to aug-
ment it by acting as Al teammates throughout the research problem
lifecycle. Its goal is to transform research opportunities, practical
challenges, scientific gaps, and initial ideas into research problems
that are well-founded, relevant, and investigable.

The rationale behind ARPE is inspired by the Software Require-
ments Knowledge Area of SWEBOK [7]. SWEBOK defines software
requirements as expressions of the needs and constraints imposed
on a software solution and recognizes Requirements Engineering
(RE) as the discipline responsible for systematically eliciting, ana-
lyzing, specifying, validating, and managing those requirements
throughout the software lifecycle.

We argue that research problems deserve a similar engineering
perspective. Just as the quality of a software system depends on
the quality of its requirements, the quality and impact of scientific
research largely depend on the quality of the research problems that
motivate it. Poorly formulated research problems may propagate
throughout the research lifecycle, leading to inadequate research
designs, weak industrial relevance, and limited scientific contribu-
tions [2, 10, 11].

However, although inspired by RE, ARPE should be understood
as a different engineering object. Requirements Engineering aims to
define what should be built to solve an identified problem, whereas
ARPE seeks to determine what should be investigated before any
solution exists. Consequently, ARPE must deal with challenges that
are uncommon in RE, including establishing the novelty, practical
relevance, and scientific significance of research problems, identi-
fying diffuse stakeholders from both academia and industry, and
continuously evolving research problems as new evidence emerges.

Inspired by the development and management activities defined
in SWEBOK, Figure 1 presents the envisioned lifecycle of Research
Problem Engineering, which is discussed in greater detail in Table 1
further details how this lifecycle is augmented with agent support to
establish Agentic Research Problem Engineering. Rather than viewing
problem formulation as an isolated activity, the lifecycle emphasizes
a continuous engineering process in which research problems are
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Figure 1: Lifecycle of Research Problem Engineering

discovered, understood, formulated, assessed, and evolved through
iterative learning.

Unlike traditional Al assistants that primarily respond to isolated
user requests, agentic Al systems are capable of autonomously plan-
ning tasks, coordinating specialized agents, maintaining contextual
memory, invoking external tools, and iteratively refining interme-
diate artifacts [5]. These capabilities enable Al to move beyond task
automation toward collaborative problem solving. In this work, we
envision Agentic Research Problem Engineering as a discipline inher-
ently designed for this paradigm, where an ecosystem of specialized
Al agents collaborates with researchers throughout the lifecycle of
ARPE while preserving human oversight and decision authority.
Rather than embedding Al into an existing research method, we
envision ARPE as one of the first engineering disciplines conceived
from the outset for human-agent collaboration.

Our vision complements recent community-driven research agen-
das on Agents and SE [15]. While these agendas primarily investi-
gate how Al agents can support SE activities such as requirements
engineering, software architecture, quality assurance, and software
development, we argue that Al agents can also support an even
earlier engineering activity: the engineering of research problems
that guide future SE research.
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Table 1: Examples of specialized Al agents supporting Agentic Research Problem Engineering.

ARPE Activity Specialized Primary Capability Human-Agent Collaboration
Agent
Problem Discovery Discovery Agent  Identify research opportunities from indus- Suggest candidate research opportunities
trial challenges, scientific gaps, emerging while researchers and practitioners decide
technologies, and societal needs. which ones deserve further investigation.
Problem Understanding Context Agent Analyze domain context, constraints, as- Help researchers and practitioners build a
sumptions, and environmental factors. shared understanding of the problem con-
text.
Problem Understanding Stakeholder Identify stakeholders, their concerns, inter- Support stakeholder mapping while re-
Agent ests, and potential implications / impacts. searchers and practitioners validate and pri-
oritize stakeholders.
Problem Understanding Evidence Agent Retrieve, summarize, and synthesize scien- Collect and organize supporting evidence

tific and industrial evidence.

Generate and refine problem statements, ob-
jectives, expected impacts, and research ques-

Problem Formulation Formulation
Agent
tions.
Problem Assessment Critic Agent

Decision Making

Decision Agent

Evaluate practical relevance (clarity, value,
feasibility, applicability) and expose weak-
nesses.

Compare alternatives and summarize trade-

while researchers and practitioners judge its
relevance and credibility.

Propose alternative formulations while re-
searchers and practitioners iteratively refine
the final research problem.

Act as a devil’s advocate, challenging as-
sumptions and stimulating critical reflection.

Support Go/Pivot/Abort decisions while re-

offs.

Problem Evolution Evolution Agent

Continuously refine research problems as
new evidence, stakeholder feedback, and con-
textual changes emerge.

searchers and practitioners remain responsi-
ble for the final decision.

Recommend updates throughout the re-
search lifecycle while preserving researcher

2.1 Initial Operationalizations

Research Problem Engineering (RPE) has already been partially
operationalized through Lean Research Inception (LRI) [11], which
provides a structured, human-centered process for collaborative re-
search problem formulation and assessment. LRI Co-Assistant [16]
further extends this process by incorporating Al-assisted reason-
ing into these activities. Although neither approach fully realizes
the vision of ARPE, both provide initial operationalizations that
demonstrate the feasibility of supporting RPE through structured
methods, shared artifacts, and human-AI collaboration.

2.2 ARPE Ecosystem

Recent advances in Al agents enable a shift from tool-assisted
problem formulation toward Agentic Research Problem Engineer-
ing, in which specialized Al agents collaborate with researchers
throughout the ARPE lifecycle. Rather than relying on a single con-
versational assistant, we envision an ecosystem of complementary
agents that contribute different reasoning capabilities while keep-
ing researchers responsible for interpretation, trade-off analysis,
and final decisions. Figure 2 illustrates the preliminary conceptual
architecture of ARPE. The architecture is organized into five layers:
(i) a Human Layer, where SE researchers and practitioners collab-
orate and make final decisions; (ii) an Agent Orchestration Layer,
responsible for task decomposition, agent coordination, context
propagation, shared memory management, and synthesis of in-
termediate artifacts; (iii) a Specialized AI Agents Layer, composed
of agents that support each activity of the ARPE lifecycle; (iv) a
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Figure 2: Conceptual Architecture of ARPE

Human Judment & Curation Layer, designed to ensure a human-in-
the-loop approach by enabling researchers to review, refine, and
validate Al-generated outputs at every step; and (v) a Shared Artifact
Layer, which maintains the evolving representation of the research
problem and enables collaboration among humans and Al agents.

The activities involved in ARPE are heterogeneous, requiring dif-
ferent reasoning capabilities such as contextual analysis, evidence
synthesis, critical evaluation, stakeholder reasoning, and iterative
refinement. This heterogeneity naturally motivates an ecosystem
of specialized agents rather than a single general-purpose assistant.
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Table 1 presents examples of specialized Al agents that can support
ARPE. These agents form an ecosystem of cognitive teammates
rather than isolated assistants. Their purpose is not to automate
scientific reasoning, but to augment researchers’ and practitioners’
ability to explore alternatives, synthesize evidence, expose hidden
assumptions, and support reflective decision making. Humans re-
main responsible for defining research goals, interpreting evidence,
negotiating trade-offs, and making final decisions, while AI agents
expand the reasoning space and reduce cognitive effort during
early-stage research activities.

3 Concluding Remarks and Research Agenda

This Vision paper introduced Agentic Research Problem Engineering
(ARPE), an emerging engineering discipline inherently designed
for human-agent collaboration, where an orchestrated ecosystem
of specialized Al agents augments researchers and practitioners
throughout the lifecycle of research problem formulation, from
problem discovery to continuous evolution. Inspired by Require-
ments Engineering, we argue that research problem formulation
should itself be treated as an engineering activity and that recent
advances in Al agents create an unprecedented opportunity to
augment this process. Rather than replacing researchers and practi-
tioners, specialized Al agents can act as Al Teammates that expand
the exploration of alternatives, synthesize evidence, challenge as-
sumptions, and support reflective decision making throughout the
ARPE lifecycle. We further discussed how LRI [11] and LRI Co-
Assistant [16] represent initial operationalizations of this vision.

Realizing this vision requires advances across multiple research
directions. First, future work should investigate effective models of
human-agent collaboration, identifying how researchers and spe-
cialized agents interact throughout each ARPE activity while pre-
serving human agency and accountability. Second, multi-agent or-
chestration mechanisms are needed to coordinate specialized agents
responsible for problem discovery, contextual understanding, ev-
idence gathering, formulation, assessment, decision making, and
continuous problem evolution. Third, agents should provide ex-
plainable and evidence-based reasoning, allowing researchers to
understand, validate, and challenge Al-generated suggestions. Fi-
nally, the community needs methods for evaluating both the quality
of formulated research problems and the effectiveness of ARPE pro-
cesses, considering dimensions such as clarity, contextualization,
practical relevance, stakeholder alignment, and value.

We believe that ARPE opens a promising research direction at
the intersection of SE, Al for Science, and Agentic Al and comple-
ments the research agenda [15] by extending the role of Al agents
beyond software construction. While AI agents are increasingly
transforming software development activities, we envision their
next frontier as supporting the engineering of the research prob-
lems that shape future scientific discoveries. We hope this vision
stimulates new research on Al-supported scientific reasoning and
contributes to establishing ARPE as a first-class area within SE.

Artifact Availability

Initial operationalizations of this vision are publicly available. LRI
Co-Assistant is available on Zenodo at https://doi.org/10.5281/zenodo.
21385837, with an online demo at https://Iri-tool.vercel.app using
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researcher@example.com/ researcher123.Lean Research Incep-
tion (LRI) and its collaborative template are available on Miroverse
at https://miro.com/templates/lean-research-inception-Iri/.
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