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Abstract. Business Intelligence (BI) systems have long served as a primary mechanism for decision support by providing
standardized metrics, consistent semantic logic, and stable analytical artifacts such as reports and dashboards. This paradigm
enables reproducibility of analytical outputs and comparability of indicators within recurring managerial cycles. At the same time,
the intellectualization of analytical systems, the rapid growth and heterogeneity of data sources, and the increasing prevalence of
iterative and context-dependent decision questions expose limitations of an artifact-centered Bl approach. These limitations emerge
across the “data—interpretation” chain, including issues of integration and data quality, the rigidity of predefined analytical logic,
the proliferation of analytical artifacts and the rising effort required to maintain them, as well as interpretation gaps between user
context and the analytical model. The paper provides a theoretical and analytical examination of Bl in the context of intelligent
analytical ecosystems and systematizes the key constraints of traditional Bl practices with respect to requirements for timeliness,
fexibility, and controllability of analytical results. Based on this analysis, the study proposes an author's hybrid BI-RAG concept in
which BI artifacts remain the canonical representation of standardized metrics and act as a “source of truth” for recurring decision
scenarios, while retrieval-augmented generation (RAG) is introduced as a conversational interface for accessing analytical
information. In the proposed approach, the RAG layer supports contextual explanation, navigation to relevant Bl artifacts, and
iterative request formalization, while emphasizing an evidence-based interpretation principle grounded in relevant knowledge
sources. The scientific novelty of the work lies in formalizing the hybrid interaction model through an actor model, a reference
architecture of the BI-RAG setup, and a generalized workflow model for decision-request handling. The workflow representation
indicates that introducing a “RAG-first” stage can reduce the number of process steps between a user’s request and access to
relevant analytical information in cases where the request can be addressed through explanation or routing to an existing canonical
BI view. The results have theoretical significance for the development of approaches to organizing modern analytics ecosystems and
practical value for designing hybrid analytics access solutions under data governance requirements and controlled change
management.
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BUSINESS INTELLIGENCE B YMOBAX IHTEJIEKTYAJIZAIIT AHATITUYHUX THOOPMAIIMHAX
CUCTEM

Anoranisa. Cucmemu Business Intelligence (BI) mpusanuii uac 3aiuwianucs OCHOBHUM [HCHPYMEHMOM NIOMPUMKU
VAPAGNIHCLKUX PilieHb 3a80AKU BUKOPUCIMAHHIO CIAHOAPMU308AHUX MEMPUK, Y3200JiCeHOi cemManmuynoi 102iku ma apmegaxkmie y
8uena0i 36imig i daubopois. Taxuil nioxio 3abe3neuysas i0MEOPIOBAHICMb AHANIMUYHUX PE3VIbINAMIE | NOPIGHIOBAHICMb NOKAZHUKIG
y Medcax NOGMOPIOSAHUX YNPAGIIHCOKUX Yuktie. Boowouac immenexmyanizayis aHAmimuyHux Cucmem, 3pOCMAHHA 00cs2ie |
PI3HOMAHIMHOCMI OAHUX, @ MAKONC NOUUPEHHS, IMEPAMUSHUX | KOHMEKCMHO-3ANENHCHUX YIPAGTIHCOKUX 3ANUMIE 3yMOGII0I0Mb NOSEY
obmediceny apmeghakmuo-opienmosanoi napaouemu Bl L]i obmedicents npoaeIsiomvcs Ha PisHUX emanax ananimuiHo20 1aHylo2a
Oani - IHmepnpemayis, 30Kpema Ha PIGHAX [Hmezpayii ma AKOCmi OAHUX, HCOPCMKOCMI Hanepeo SU3HAYEHOI aHAIMUYHOL 102iKU,
macuimabysanms Kitbkocmi apmegaxmie i cKIAOHOCMI iX NIOMPUMKY, a MAKOJMC PO3PUBY IHMEPRpemayii Mijic Kopucmyeaiem i
aHanimuunow mooennio. Y cmammi 30iicHeHO MeopemuKo-anarimudnull po3enao poni Bl 6 ymosax inmenexmyanizayii ananimuyHux
cucmem ma CUCeMamu308aHo K408l 0OMedceHHa mpaouyitinux BI-nioxodie i3 ypaxysaHHAM umoe onepamusHOCmi, eHyuKoCcmi
ma Keposarocmi auarimuunux pesyromamis. Ha ocHoei yvoeo 3anpononosano 2iopudny xonyenyito BI-RAG, y medxcax saxoi
Bl-apmeghaxmu 36epicarombcsa K KaHOHIYHe NPeOCMABNEHHS CMAHOAPMU308AHUX MEMPUK i CIYeyioms 0dicepenom ICIMuHU Ol
NOBMOPIOGAHUX ynpaeuiHcvkux cyenapiie. Tooi sk retrieval-augmented generation (RAG) posensidaemucs sik dianozosutl inmepghetic
docmyny 00 ananimuunoi ingpopmayii. RAG-opienmosaruil nioxio 8UKOPUCIOBYEMbCSL OISl KOHMEKCMHO20 NOSCHEHHS, Pe3yIbmMamis,
Hasicayii 0o penesanmuux Bl-apmegpaxmis, opmanizayii imepamusHux 3anumie ma RIOMPUMKU OOKA308020 NPUHYUNY
inmepnpemayii Ha OCHOGI penesanmuux Odcepen 3nanv. Haykoey noeusny pobomu cmanosums gopmanizayis 2ibpuonoi modeni
63aemo0ii y euensnoi Use-Case diazpamu, peghpeperncnoi apximexmypu BI-RAG ma ysaeanvnenoi npoyecnoi mooeni onpayosamts
YAPAGNIHCLKO20 3anumy. 3anpononoéana npoyecHda Mooelb OeMOHCMPYE, WO B66e0eHHs emany HnonepeoHvoi 63acmooii 3
RAG-inmepgeiicom modice ckopouysamu KinbKicmes npoyecHux KpoKié Midc 3anumom Kopucmyeaia ma 00OCmynom 00 peieeanmHoi
aunanimuunol iHopmayii' y 6unaokax, Konu 3anum moguce Oymu 3a0080JeHULl WISXOM NOSACHEHHs. ab0 mapupymu3ayii 00 HAsA6HO20
Bl-npeocmasnennsn. Ompumani pesyromamu mMaiomes meopemuine 3HaUeHHs Oas pOo36UMKy nioxo0ie 00 opeanizayii ananimudHux
exocucmem I NPaKmMuyHy YIHHICMb Ol NPOEKMYBAHHA 2IOPUOHUX piuieHb O0OCMYny 00 AHANIMUKU 3 YPAXyeaHHAM eumoz data
governance ma Kepo8aHoCmi 3MiH.
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KawuoBi cnoBa: awanimuuni ingopmayiini cucmemu, cucmemu RIOMPUMKU RPULHAMMS PildeHb, AHATIMUKA OQHUX,
wimyynuti inmenexm, retrieval-augmented generation (RAG), nputinammsl piuienb Ha OCHOGI OAHUX, AHATIMUYHI eKOCUCTEMU.

1. Introduction

Business Intelligence (BI) information systems are widely regarded as a class of decision support systems
intended for the collection, processing, analysis, and visualization of data in order to improve the quality of managerial
decision-making [1]. By relying on standardized metrics, reporting practices, and analytical visualization instruments,
BI systems have for a long period served as a foundational toolkit for organizational analytics and management control.
A synthesis of research on BI and analytics also confirms the maturity of this domain as a distinct class of information
systems and highlights the diversity of approaches used to assess their effectiveness [2].

The contemporary analytical environment is characterized by an increase in both the volume and the
heterogeneity of data, accompanied by higher expectations regarding the speed of interpretation and decision-making.
The continuous growth of data and information that require timely interpretation increases the importance of effective
visualization for decision support. Conventional analytical procedures may be time-consuming, particularly when
preparing analyses for large and heterogeneous datasets [3]. An additional factor is the increasing involvement of
non-specialized users in data-related activities, which amplifies the importance of interface accessibility, interpretability
of results, and reduction of user cognitive load.

The rapid development of artificial intelligence (Al) technologies has contributed to the intellectualization of
analytical systems, including the broader adoption of machine learning and automated decision-support mechanisms in
digital environments [4]. Within the BI discourse, this trend is reflected, among other notions, in the concept of
augmented analytics, which extends the boundaries between traditional BI (reporting, OLAP, dashboards) and
Al-enabled analytics [5]. A distinct role is played by Natural Language Interfaces to Data (NLID), which are considered
in the literature as a means of enabling non-technical users to interact with data without requiring knowledge of query
languages such as SQL, including through conversational interaction scenarios [6].

Research problems arise regarding the extent to which the traditional BI paradigm - centred on predefined data
models, metrics, and reporting forms - remains sufficient under the conditions of analytical systems intellectualization,
accelerated decision-making, and the expansion of the analytics user base. The practical significance of this problem is
associated with aligning BI capabilities with contemporary requirements for timeliness, flexibility, and explainability of
analytical outcomes; its theoretical significance lies in the further development of approaches to designing analytical
information systems as hybrid solutions, in which classical BI components are combined with intelligent mechanisms
for data interaction. In practical terms, these changes transform the organizational role of BI systems. In particular, the
share of irregular (ad-hoc) requests increases, and such requests require not only access to aggregated indicators but also
rapid clarification of context, including metric definitions, applied filters, calculation assumptions, and the boundaries
of interpretation. Under these conditions, the traditional interaction model request stakeholder, analyst, report may
increase the analytical lead time and may amplify dependence on specific expert roles, which complicates the scaling of
the analytical function within an organization.

2. Related work

Related work on BI and analytics can be grouped into four streams relevant to this paper. First, BI is studied as
an organizational and technological mechanism for transforming data into managerial insights and supporting recurring
decision cycles. Second, the augmented analytics agenda examines how AI/ML automates parts of the analytics
lifecycle and shifts interaction toward more user-centric and semi-automated workflows. Third, research on
natural-language interfaces to data investigates conversational querying and multi-turn clarification as a way to reduce
access barriers for non-technical users. Fourth, retrieval-augmented generation is emerging as a general paradigm for
evidence-grounded assistants, creating a foundation for hybrid analytics access where explanations and navigation are
supported by retrieved organizational knowledge. This paper positions its contribution at the intersection of these
streams by proposing a hybrid BI-RAG concept and formalizing it through interaction and workflow models.

Recent publications underline that the continuous growth in both volume and variety of information that must be
interpreted and analyzed rapidly drives the need for new forms of visualization to support managerial decision-making,
while standard analytical procedures are often time-consuming [3]. This framing is consistent with a broader body of BI
and analytics research that treats Business Intelligence and Analytics as an evolving domain aimed at transforming data
into actionable insights and decision support, shaped by changing data characteristics and technological capabilities [7].

International research emphasizes the evolution of Business Intelligence and Analytics beyond static reporting
toward wider analytics practices that combine data, methods, and organizational processes [7]. Within this trajectory,
the concept of augmented analytics highlights the increasing automation of parts of the analytics lifecycle through
AI/ML techniques and the strengthening of user capabilities in interacting with data and interpreting results [5].

A distinct and rapidly developing research stream concerns Natural Language Interfaces to Data (NLIDB/NLI)
and the transition from one-shot queries to conversational analytics, where dialogue context is used to disambiguate and
refine user intent across multiple turns [6]. In this context, text-to-SQL approaches - particularly those based on deep
learning - have shown strong progress; surveys note that several challenges remain open, keeping the field active in
both research and development [8].

Retrieval-augmented generation (RAG) has emerged as a prominent paradigm combining retrieval with
generation and is discussed as a state-of-the-art foundation for conversational agents and knowledge-centric assistants
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[9]. In analytics settings, this creates a pathway for hybrid solutions in which traditional BI components are
complemented by intelligent, context-aware access to data and organizational knowledge.

Within Ukrainian scholarly discourse, BI is frequently examined in relation to decision support systems, OLAP
technologies, and data mining, with attention to architectural principles and future integration directions [10]. Another
line of work proposes aligning expert systems with the Business Intelligence 2.0 concept through integration with
OLAP, data mining, and knowledge management components [11]. Additionally, publications explicitly addressing the
integration of Al and business analytics for managerial decision support discuss key implementation barriers and
expected benefits from automation [12]. Contemporary Ukrainian works also analyze opportunities and challenges of
business analytics in management under digital transformation conditions [13].

3. Purpose of the study
To examine the role of Business Intelligence systems under the intellectualization of analytical systems.
Objectives of the study:
- To synthesize approaches to viewing Business Intelligence as a class of analytical information systems and
decision support systems.
- To characterize current changes in the analytical environment related to data growth and heterogeneity and the
involvement of non-specialized users.
- To analyze the fundamental principles of BI operation (metrics, reporting, dashboards) in the context of
contemporary analytical needs.
- To identify limitations of traditional BI approaches with respect to timeliness, flexibility, and contextual
interpretation of analytical results.
- To outline directions for the transformation of BI as a component of a modern analytical ecosystem in the
context of intelligent data interaction approaches.

4. Results and discussion

4.1 Business Intelligence as a class of analytical information systems

Business Intelligence (BI) can be described as a class of analytical information systems that supports managerial
decision-making by organizing data flows and producing structured analytical outputs for interpretation. In Ukrainian
academic and educational literature, BI is typically discussed together with related concepts and technologies of
intelligent data processing and analytical infrastructure, including Data Warehouse, OLAP, and Data Mining as core
elements of the analytical toolkit [14].

From a practical standpoint, BI solutions institutionalize analytics in an organization through repeatable forms of
analytical representation, most commonly in the form of reports, dashboards, and interactive exploration mechanisms.
These artifacts allow organizations to monitor indicators, compare results over time, and reproduce analytical logic
across different stakeholder groups. At the architectural level, such reproducibility is achieved by linking analytical
artifacts to consolidated data stores and to an agreed analytical logic (e.g., shared structures, metrics, and calculation
rules) [11]. To conceptualize BI as a class of analytical information systems, it is useful to represent it as a layered
architecture in which reporting and visualization artifacts are outcomes of upstream processes of integration, storage,
and formalization of analytical logic. This framing explains the reproducibility of reports and the consistency of metric
definitions across an organization (Figure 1).

Data Sources Integration Storage Analytical Layer Bl Artifacts Users / Decisions
» transactional systems;
° webfapp events; « ETL/ELT; « Data Warehouse; = OLAP [ Cubes; = Reports; = Managers;
o logs; = Data cleaning; o Data Lake; = Semantic logic; » Dashboards; o Analysts;
o external data; = Data transformations. < Data Lakehouse, = Metrics definition. ° Interactive exploration. o Stakeholders.

= other data.

Fig. 1 Layered conceptual architecture of BI in the data-to-insight chain

In this framing, BI is not limited to visualization as such. Rather, it represents a structured approach to packaging
analytical knowledge into stable artifacts that can be consumed by multiple user groups. This approach presupposes that
a relevant part of analytical questions can be formalized into measurable indicators and represented via predefined
structures.

BI artifacts can be differentiated by the decision-support tasks they serve. Table 1 shows that reports,
dashboards, and interactive exploration differ in purpose and user interaction patterns, which provides a basis for
discussing evolving analytical requirements and the limitations of traditional BI approaches in subsequent sections.
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Table 1
BI artifacts and decision-support tasks
BI artifact Primary purpose Typical user interaction
Reports Standardized periodic reporting reading, comparison over time
Dashboards Operational monitoring of key overview, filtering by preset
indicators dimensions
Interactive exploration Analytical investigation of specific ad-hoc filtering, drill-down,
questions segmentation

4.2 Actual evolution of analytical requirements under the intellectualization of analytical systems

Current analytical practice indicates a growing interest in intelligent, Al-assisted mechanisms for interacting
with data and for automating parts of the analytics lifecycle. In particular, a Gartner press release reports the results of a
survey of 403 analytics or Al leaders (conducted between October and December 2024), where over 50% of
respondents reported that their organizations use Al tools for automated insights and natural-language capabilities for
analytics or Al development [15]. This evidence is consistent with the broader premise that intellectualized interfaces
are increasingly expected to shorten the cycle between a question and an interpretable analytical output.

Empirical findings from industry surveys suggest that the evolution of requirements is not limited to user
interfaces; it is also driven by stronger expectations regarding data reliability and controllability. For example, BARC’s
Data, BI and Analytics Trend Monitor 2025 identifies data security and privacy as the leading global priority and data
quality management as the second, while data governance remains among the top trends [16]. This highlights that, in an
Al-influenced analytics environment, organizations increasingly emphasize robust data practices, without which
analytical conclusions are difficult to reproduce and trust.

Under these conditions, the nature of analytical requests shifts. Alongside standardized reporting and routine
monitoring, irregular (ad-hoc) questions become more prominent, typically requiring iterative refinement, drill-down,
and contextual clarification. Such tasks increase the importance of interactive exploration and short feedback loops
between users and analytical environments.

The analytics user base expands, making user-centric requirements more salient. The existence of large,
recurring end-user surveys in the Bl/analytics domain indicates the maturity of systematic evaluation practices focusing
on practical value and user-oriented characteristics [17]. In the context of intellectualization, this translates into
requirements for lowering access barriers, improving consistency of meaning across stakeholder groups, and ensuring
transparency of metric definitions.

Finally, modern analytics increasingly demands contextualization, explainability, and reproducibility.
Stakeholders expect not only values and visual summaries, but also clarity on:

- which data were used;
- how indicators were computed;
- under which assumptions results are valid for managerial interpretation.

Intellectualization does not imply a simple replacement of BI; rather, it changes the balance of requirements,
from a dominant focus on reporting and visualization toward combining rapid, dialogue-like access to data with
disciplined data practices such as quality, security, governance. This framing provides a basis for examining limitations
of traditional BI approaches in the subsequent section.

4.3 Limitations of Traditional Business Intelligence Approaches

Traditional BI solutions remain effective for standardized reporting and monitoring tasks. However, under the
intellectualization of analytical systems and the evolving requirements discussed in the previous section of this article, a
set of limitations becomes more visible. Evidence from research on information visualization and decision-making
suggests that dashboards should not be treated as a direct guarantee of better decisions; rather, effects depend on the
properties of the presented information and the context of use [18].

BI typically delivers outputs through artifacts (reports and dashboards) that structure information for quick
review and comparison. Experimental research highlights that the mechanisms through which dashboards influence
decision-making are non-trivial and depend on visualization-related factors and user perception; the literature also notes
that, despite the widespread use of analytics, knowledge about how dashboards enhance decision-making remains
limited [19]. This aligns with review research that systematizes the effects of information visualization on judgment and
decision-making and reports that outcomes may vary depending on context and on the evaluation criterion [18]. Figure
2 summarizes the placement of commonly discussed limitations of traditional BI within the data-to-insight pipeline.

Traditional BI relies on predefined structures that are embodied in concrete artifacts. As the diversity of
questions and the number of stakeholders increase, an artifact-based model may lead to proliferation of dashboards and
reporting variants:

- multiple pages;
- versions;



ISSN 2412-4338

- role-specific views.

Attempts to build universal dashboards have inherent constraints, because different roles and decision scenarios
require different context, different levels of granularity, and different perspectives on what is relevant. As a result, BI
maintenance becomes a continuous activity involving:

- modifications;

- change coordination;

- versioning;

- preservation of metric consistency;

- ensuring interpretability for end users.
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[ L5 Governance and change control constraints ]

Data Sources Integration Storage Analytical Layer Bl Artifacts Users / Decisions

= transactional systems;
o web/app events;
o logs;
= external data;
o other data.

o ETL/ELT;
= Data cleaning;
- Data transformations.

o Data Warehouse;
= Data Lake;
< Data Lakehouse.

o OLAP [ Cubes;
= Semantic logic;
= Metrics definition.

o Reports;
< Dashboards;
« Interactive exploration.

o Managers;
= Analysts;
< Stakeholders.

L4 Interpretation &
context gap

L1 Integration and data
quality constraints

Fig. 2 Mapping of traditional BI limitations to stages of the data-to-insight pipeline

[LZ Predefined ana\y(\'cal] [

L3 Artifact-level
logic constraints

constraints

This limitation is especially relevant under the logic of the previous section: as questions become more iterative
and context-dependent, embedding answers into dashboards can require substantial effort for maintaining and evolving
the artifact layer as a knowledge interface. To summarize the key limitations discussed in this part and their underlying
mechanisms, Table 2 presents a compact mapping from limitation to mechanism and practical implications.

Table 2
Limitations of traditional BI: mechanism and implications for analytical practice

Limitation Mechanism Implication

Need for contextualization,
transparency of assumptions, and
interpretability beyond visual
summaries.

Dashboards do not guarantee -
improved decision quality

Decision outcomes depend on
information characteristics and
decision context;

- visualization effects can be
context-dependent.

Answers are embedded into
reports and dashboards; -
- growing diversity of stakeholders
and questions leads to more

artifact variants and frequent -
changes.

Artifact-based delivery increases -
maintenance effort

Growth of operational workload:
change coordination,
versioning,
metric consistency,
user communication.

Universal dashboards have inherent |-
limits

Different roles require different
granularity, filters, and
definitions;

- one interface cannot satisfy all
decision contexts simultaneously.

Need for segmentation of artifacts,
role-oriented views, or
complementary interaction modes

Increased time-to-answer for

Metric and semantic rigidity limits
ad-hoc analysis

Predefined metric logic and semantic
structures constrain the types of
questions that can be answered
without re-modeling

novel questions;
pressure toward more flexible
approaches.

Upstream data issues propagate to BI
artifacts

Integration complexity and data
quality problems affect correctness
and trustworthiness of BI outputs

Need for disciplined data
practices;

otherwise BI artifacts lose
credibility.
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Figure 3 summarizes a generalized workflow of decision-request handling in an artifact-centered BI model,
highlighting typical stages of clarification, sourcing, development, and approval.

The effectiveness of BI artifacts depends not only on visualization but also on the quality and consistency of
input data. Intellectualization further strengthens this dependency due to the need for heterogeneous data and shorter
preparation cycles. Research on heterogeneous data integration indicates that integration in the big-data era becomes
increasingly difficult due to format diversity, semantic heterogeneity, and structural differences, with persistent
challenges related to semantics and unstructured data [20].

Data quality constitutes another persistent limitation in BI contexts. Review research addressing data quality in
BI emphasizes the systemic nature of data-quality issues and the need for proactive measures to ensure reliable analytics
[21]. Industry survey evidence is consistent with the practical salience of these topics: BARC Trend Monitor 2025
identifies data security & privacy and data quality management among leading priorities [16].

Manager
need data for the
decision

Bl Analyst meets

with Manager to
gather
requirements

Existing
solution?

'ﬁVES
Use existing Bl Analyst creates

Dashboards or a summary of

reports. request and

requirements

] -
> Approved YES . .,
by Manager? >

|
NO
\i

Solution Denied

Fig. 3 Generalized workflow of decision-request handling with traditional BI system

As analytics user bases expand and self-service practices grow, organizations increasingly need mechanisms that
ensure consistent metric meaning, access control, controlled change processes, and reproducibility of analytical
conclusions. The academic literature frames data governance as an organizational-technical discipline with defined
building blocks and dimensions aimed at managing data as an organizational asset [22].

Studies on data governance implementation emphasize significant obstacles and resource costs, which may
increase the lead time for changes in data and metrics and create tension with timeliness requirements [23]. This implies
that modern analytics environments face not only a demand for faster answers but also a demand for disciplined data
practices that require institutional effort. The discussed role of data governance can be interpreted as a cross-cutting
requirement that improves consistency and controllability of analytical outputs, while simultaneously increasing
organizational complexity of change. To summarize this tension, Figure 4 presents a conceptual trade-off among
timeliness, governance, and flexibility of analytical interactions.

Even with technical infrastructure in place, BI outcomes depend on organizational acceptance, user skills,
decision processes, and change management practices. A systematic review of BI adoption factors highlights the
multiplicity of determinants that influence successful BI adoption across contexts [24]. In addition, research on BI
implementation emphasizes the importance of implementation approaches and the interaction of organizational factors
that can enable or hinder BI acceptance [25].

Collectively, these limitations suggest that traditional BI is effective within stable artifact-based practices
supported by disciplined data management, but modern analytical environments increasingly expose tensions among
timeliness, flexibility, and governance. This tension motivates the transformation of BI and the emergence of hybrid
approaches, which are discussed in the next section.

10



ISSN 2412-4338  TeuexomyHikauiiiHi Ta ingopmauiiini Texnosorii. 2026. Ne 3 (92)

4.4 Hybrid BI-RAG concept for modern analytical ecosystems
Previous sections have shown that traditional BI approaches are effective for standardized reporting and
monitoring. However, in contemporary analytical environments, limitations become more visible due to the iterative
and context-dependent nature of questions, the expansion of the analytics user base, and the need to maintain metric
consistency and controlled change processes. This section presents an author’s conceptual model for reinterpreting the
role of BI within an analytical ecosystem. The model separates two complementary interaction modes:
- BI as a layer of standardized artifacts and metric definitions. Serving as a source of truth for recurring decision
cycles.
- RAG-based conversational access as an intelligent interface that supports contextual, iterative, and explanatory
interaction with analytical information.
The proposed concept distinguishes two mutually reinforcing modes of analytical interaction:
- Artifact mode (BI) represents analytical outputs as reports and dashboards based on predefined metrics, filters,
and slices. Its advantages include standardization, temporal comparability, and procedural reproducibility.
Artifact mode is less flexible when questions require iterative refinement, alternative contexts, or non-standard
combinations of dimensions
- Conversational mode (RAG-based access) is defined as a natural-language interface for asking questions and
refining them iteratively, obtaining explanations of metrics, filters, and assumptions, and navigating existing BI
artifacts. In this mode, the evidence-based principle is essential: textual interpretations are grounded in
retrieved knowledge sources rather than in implicit assumptions.
Speed and Timeliness

Governance Flexibility

standardization j>_€;text-specific needs

Fig. 4 Conceptual trade-off among speed, governance, and flexibility in analytical systems

Crucially, the conversational mode does not replace BI artifacts as canonical representations of metrics; rather, it
complements them by providing contextualization, explainability, and reduced access barriers for users.

For a practical description of a hybrid model, it is useful to explicitly define actors and typical interactions. This
makes it possible to formalize where organizational workload arises and to identify which interaction steps can be
shifted into a conversational layer without compromising controllability and consistency. Within the proposed
framework, the following typical actors can be distinguished:

- decision stakeholders (executives, domain owners, product/marketing managers) as request initiators;

- analysts, BI developers responsible for metrics, artifacts, and interpretations;

- data engineers, data owners responsible for integration and data availability;

- governance, security function responsible for standards, access control, and change control;

- conversational component (RAG assistant) acting as an interface that retrieves relevant knowledge sources and
produces responses with references to those sources or to relevant BI artifacts.

These roles imply a set of recurring interactions that determine how analytical questions are formulated,
validated, and answered. Figure 5 visualizes the proposed actor-level interaction model for the hybrid BI-RAG
approach.

The proposed concept assumes that standardized metrics and their canonical visual representations remain within
the BI layer, while the conversational component leverages structured knowledge for explanation and navigation,
providing users with a shorter path to relevant information. A reference architecture can be described through the
following building blocks:

- Bl layer: data sources, integration, storage, analytical logic/semantic layer, BI artifacts.

- Knowledge base: metric definitions and assumptions, filtering rules, source descriptions, artifact catalog,
interpretation guidance, typical scenarios.

- Retrieval subsystem: selection of relevant evidence from the knowledge base and/or artifact metadata
conditioned on permissions and query context.

- Generation subsystem: response construction that includes a textual interpretation, references to the used
evidence, and, when needed, clarification questions or recommendations to open a relevant BI artifact.

11
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- Interaction channel: a chat interface as the entry point for users, supporting routing to BI artifacts or providing
contextual explanations.

To clarify the proposed hybrid concept, it is useful to consider a process model of decision-request handling in
which BI artifacts remain the canonical representation of metrics, while a RAG-based conversational interface becomes
the primary entry point for user interaction with analytical information. Unlike an artifact-centered approach, where the
path to an answer typically involves requirements clarification, data sourcing, artifact development or modification, and
approval cycles, the proposed scenario shifts a portion of these operations into an initial conversational stage focused on
clarification and navigation.

Bl + RAG System

RAG Assistant Dashboards

Bl Layer

Analyst / Bl Analyst

Ask Questions
/ /

{ Actual Data

Answer + Links Use Dash_b:}ards__-ﬁ\——*— access lupdate docs & definitions
St / [
i \\ rules "
/
ret_ne:':: | Support
; evide \e | i
; : missions
L ! . !
Mandger (Dedision / \\Data maintain

Stakeholders) /

AY

|
Support source docs
]

\ update
\ data pipelines
& datasets

Knowledge Base

Database

Governance [ Security

Fig. 5 Use-case actor model of hybrid BI-RAG System

Figure 6 presents a generalized workflow of request handling under integration of a RAG approach with a BI
system. The key difference is the introduction of the step using a RAG chat before submitting a formal request, which
changes the trajectory of interaction between the user and the analytics function. When the user initiates the process via
the conversational interface, the system may provide an answer within the available context or route the user to a
relevant existing BI artifact. In such cases, the need to formalize the request through an analyst is reduced, and the
number of intermediate coordination steps is decreased because typical clarifications occur before launching a full
artifact-development cycle.

If the conversational interface cannot satisfy the information needed, the process transitions to the traditional
workflow: an analyst produces a structured summary of the request and requirements, identifies data sources, develops
or modifies a BI artifact, and proceeds through approval and handover steps. Thus, within the proposed model, the RAG
interface does not remove the role of the analytics team; instead, it acts as a preliminary interaction layer that may
reduce the number of cases in which a full artifact creation or maintenance cycle is triggered by questions that can be
resolved via navigation, contextual clarification, or explanation of existing definitions. This highlights a potential effect
of the proposed approach: a reduction in the number of process steps between a decision request and obtaining relevant
analytical information for requests that can be resolved via navigation, contextual clarification, or explanation of
existing definitions.

It is important to emphasize that Figure 6 illustrates not automated decision-making, but a structural change in
how access to analytics is organized. Provided that the knowledge base and artifact catalog contain sufficient relevant
content, an answer or a route to a canonical representation can be obtained through a shorter interaction chain. This
illustrates the intended mechanism of the proposed approach: reducing the number of coordination steps in scenarios
where requests can be resolved through explanation or routing to an existing canonical BI view. While the separation of
tasks and the limitations of the hybrid model are addressed in the subsequent subsections.

To avoid interpreting the hybrid model as a full replacement of BI, the relationship between BI and RAG is
described through decision-support task classes. The proposed separation is as follows:

- BI tasks: periodic reporting, KPI monitoring, dashboards for recurring decision cycles where standardization
and comparability are primary.

- RAG tasks: explaining metric and filter logic, locating definitions and interpretation guidance, navigating the
artifact catalog, producing short contextual briefs, and supporting iterative refinement of questions.
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- Hybrid tasks: scenarios where a contextual question requires routing to a BI artifact for
verification/monitoring, or where outputs from an artifact require clarification of assumptions, metric
definitions, or filtering logic.

Requirements and limitations of the proposed concept. Implementing the hybrid concept requires conditions that
preserve controllability and reliability:

- Quality of the conversational layer depends on the quality of retrieval and the knowledge base: incomplete
metric definitions, missing filtering rules, outdated artifact descriptions, or ambiguous formulations reduce
correctness and reproducibility.

- Conversational access must be aligned with governance and security requirements: permissions-aware access
to data and artifacts, controlled change processes, versioning of metric definitions, and avoidance of parallel
unofficial interpretations of indicators.

- Reliability should be supported through evidence-based responses: references to used sources, explicit
assumptions and scope limitations, and, where necessary, clarification questions rather than categorical
statements under insufficient context.

Manager
need data for the
decision

Use RAG
Chat Before
request

Bl Analyst creates

Manager send
a summary of

question to RAG
model

request and
No requirements

v v

Chat Answer

Approved
by Manager?

NO
v

Solution Denied ‘

> —YES———> — - —>

Fig. 6 Generalized workflow of decision-request handling with RAG and BI system

The proposed concept treats Bl as a necessary layer of standardized artifacts and metrics, while RAG-based
conversational access serves as a complementary interface for iterative, contextual, and explanatory scenarios. The as-is
versus to-be process comparison conceptually explains how the hybrid model may reduce the organizational burden of
the artifact layer without violating requirements for metric consistency and controlled change.

5. Conclusion

Business Intelligence systems have long served as a core instrument for decision support by providing
standardized metrics, semantic consistency, and stable analytical artifacts such as reports and dashboards. However, the
intellectualization of analytical systems, the growing diversity of data sources, and the shift toward iterative,
context-dependent questions intensify the limitations of an artifact-centered BI paradigm. In particular, BI effectiveness
depends on how well predefined analytical logic matches the actual managerial context, while the proliferation of
dashboards and continuous modifications increase the maintenance burden for analytics teams and complicate metric
consistency. Strengthening data governance improves controllability and reproducibility of analytical outputs, yet it also
amplifies the tension between response speed, flexibility, and change-control requirements.

To address these limitations, this paper proposes a hybrid BI-RAG concept in which BI artifacts are preserved as
canonical representations of standardized metrics, whereas a RAG-based conversational interface is treated as an
interaction layer enabling contextual explanation, navigation to relevant artifacts, and structured escalation to the
analytics team when a request cannot be satisfied by existing definitions or artifacts. The work provides an actor model
and a reference architecture for the hybrid setup, as well as a generalized workflow model showing that introducing a
RAG-first step can reduce the number of process steps in scenarios where information needs can be met through
explanation or routing to an existing canonical BI view.

Future research should focus on formalizing quality criteria and empirically validating the proposed model,
including evaluation of retrieval quality and grounded answer quality, assessment of how knowledge base completeness
affects escalation rates and analytics workload, and further specification of governance procedures as a prerequisite for
scaling conversational analytics access in organizational settings.
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