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Abstract

[Purpose/Significance] To remedy the deficiency in research on methodologies
for constructing big data governance systems and propose a more generaliz-
able methodological framework for building such systems. [Method/Process]
Beginning with the concept of methodology, we systematically review the ISO
International Organization for Standardization’s definitions of methodology and
existing research findings, identify the elements and categories of methodology,
and construct a methodological framework; based on the given methodologi-
cal framework, we conduct a mapping analysis of existing big data governance
research findings from the perspective of methodological elements including the-
ory, conceptual models, principles and rules, processes and procedures, meth-
ods and evaluation criteria; and on the basis of comprehensively integrating the
methodological elements for constructing big data governance systems, we revise
and supplement the current methodology for building big data governance sys-
tems by incorporating the theoretical foundation of the Deming Cycle (PDCA).
[Results/Conclusion] We clarify the elements of the current methodology for
constructing big data governance systems and their relationships, and propose
a conceptual framework for the methodology of building big data governance
systems from a comprehensive integration perspective.
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[Purpose/Significance] This paper aims to address research gaps regarding
insufficient attention to the methodology for big data governance system build-
ing and proposes a more generic methodology framework for constructing big
data governance systems. [Method/Process] Beginning with the concept of
methodology, this paper systematically reviews ISO’s definition of methodol-
ogy and existing research findings to identify methodology components and
categories, constructing a methodology framework. Based on this framework,
it maps and analyzes existing big data governance research from methodologi-
cal components including theory, conceptual models, principles and rules, pro-
cesses and procedures, methods, and evaluation criteria. Drawing on the the-
oretical foundation of the Deming Cycle (PDCA), it then revises and supple-
ments current methodologies for big data governance system building. [Re-
sult/Conclusion] The paper clarifies the components and relationships of cur-
rent methodologies for big data governance system building and proposes a
conceptual framework for such methodologies from an integrated synthesis per-
spective.
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1 Problem Statement

In the era of big data, the “digital space” formed through datafication increas-
ingly approximates human social and physical spaces. Datafication has become
a recognized new paradigm for understanding society and social behavior, as
exemplified by the objective quantification and potential tracking of human be-
haviors and social activities through network media technologies [1]. Big data
development significantly impacts industrial upgrading, scientific research, and
human cognitive paradigms [2-3], with the inherent value of big data making it
a focal point of international competition, particularly in advancing the mod-
ernization of national governance systems and capabilities.

Current research on big data governance frameworks and systems has produced
numerous approaches, primarily in three areas: (1) Component-based frame-
works, such as the widely recognized systems comprising governance objectives,
subjects, objects, and processes (activities) [4-5], or frameworks based on infor-
mation governance, industry, functional scenarios, and data types [6]; (2) Multi-
layer architectures spanning from data sources through data fusion and knowl-
edge discovery to decision-making layers [11]; (3) Macro-meso-micro structure-
based frameworks [10]; and (4) Governance frameworks formed through the deep
integration of people, objects, data, and technology [9]. Other scholars have con-
ceptualized governance objects and problem-solving through core concepts [7-8],
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or proposed governance models covering the entire big data lifecycle (creation,
maintenance, utilization) [12]. Additional studies have examined governance
mechanisms [13], rule systems [14], actor network-based models [15], and en-
terprise data asset management methodologies [18]. Some have employed case
study methods, literature reviews, expert consultation, and interpretive struc-
tural modeling for healthcare big data governance frameworks [19], while others
have proposed three-step methodology roadmaps [20].

However, existing research exhibits limitations: (1) Big data governance sys-
tems from different perspectives often lack unified theoretical foundations and
conceptual systems, with insufficient attention to interoperability and mutual
recognition across frameworks. Core concepts are understood at three inde-
pendent levels: macro-level multidimensional conceptual systems, meso-level
management mechanisms, and micro-level organizational strategies [10,14]; (2)
While some studies mention methodologies, they fail to clearly define the con-
cept or provide cross-perspective integrated frameworks. Complex systems the-
ory and EDM (Evaluate-Direct-Monitor) models are occasionally referenced,
but methodological discussions remain fragmented.

Thus, this paper adopts a synthetic integration perspective to: (1) clarify
generic methodology concepts and components; (2) identify methodological el-
ements across different research contexts; and (3) propose a more universal,
cross-domain methodology framework for big data governance system building.

2 Defining Methodology Concepts
2.1 Methodology Definition and Components

Methodology is often confused with epistemology or philosophy of science. At its
highest level, it represents “the theory of fundamental methods for understand-
ing and transforming the world” [23]—a meta-theory comprising basic principles
and philosophical assumptions underlying any research [24]. However, big data
governance is a “socio-technical construct” requiring general scientific method-
ology applicable across disciplines.

Based on ISO definitions and cross-disciplinary research, methodology is con-
sistently associated with research paradigms and theoretical frameworks [25-27]
while addressing specific epistemological and logical issues. Crucially, method-
ology is not equivalent to specific methods but rather describes, explains, and
justifies them [22,28]. It prescribes what should be done, in what sequence,
and how to achieve optimal results, providing principles and rules for action,
whereas methods merely provide tools and techniques [21]. Methodology can
be instantiated through specific elements and steps [26,28].

Analysis of ISO definitions reveals six essential components: (1) theoretical
foundation; (2) conceptual model; (3) principles and rules; (4) processes and
procedures; (5) methods; and (6) evaluation criteria. These form the basis for
our methodology component analysis framework [Figure 1: see original paper].
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presents definitions and components from various ISO standards and studies,
showing consistent elements including principles, procedures, processes, instruc-
tions, standards, methods, guidelines, and evaluation criteria.

2.2 Methodology Component Analysis Framework

Synthesizing ISO definitions, methodology must contain: (1) theoretical founda-
tion providing guidance; (2) conceptual model revealing analytical frameworks;
(3) principles and rules defining appropriate actions; (4) processes and proce-
dures with direction and sequence; (5) specific methods; and (6) evaluation
criteria based on objectives. The relationships among these components form
the methodology component analysis framework [Figure 1: see original paper].

3 Mapping and Deconstruction of Big Data Governance
System Building Methodology Components

3.1 Literature Survey and Coding Analysis

We conducted comprehensive literature searches in CNKI (285 Chinese articles)
and WoS, JSTOR, Springer, and Emerald (123 English articles after deduplica-
tion) through January 13, 2019. From 36 representative articles (24 Chinese,
12 English) selected based on relevance to methodology, we performed coding
analysis using our component framework. The coding scheme included: ID,
system composition, methodology perspective, methodology components, and
specific descriptions .

3.2 Methodology Components and Deconstruction

Current research primarily focuses on theoretical foundations, conceptual mod-
els, processes and procedures, and implementation methods, while rarely ad-
dressing principles/rules or evaluation criteria .

Methodology Perspectives: Four main control perspectives emerge: (1) gov-
ernance element control [4-9,15-17,19-20,36-44]; (2) governance process control
[11-12,45-47]; (3) governance level control [10,48-49]; and (4) governance mech-
anism control [13].

Theoretical Foundations: Research draws from public governance theories
(holistic governance, precision governance, participatory governance) [50], col-
laboration theory [14,16,51-52], actor-network theory [15], digital governance
theory [53-54], information lifecycle theory [12,16], digital continuity theory
[14,16], and public value theory [14]. Some employ EDM methodology [17],
Petri nets [15], and attribute graph-based process models [47].

Principles and Rules: Key principles include human-centered design empha-
sizing multi-stakeholder values [9,11,20], data sovereignty and security [40,55],
data-driven governance respecting data patterns and ethics [20,53], and align-
ment with specific scenarios [20,55].
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Conceptual Models: Models reveal core concepts through: (1) five-element
integration (subject, object, tools, objectives, activities) [9]; (2) macro-meso-
micro hierarchy [7-8,10,42]; (3) data-technology-resource perspectives [36]; and
(4) data-information-platform-collaboration-security frameworks [45].

Processes and Procedures: Three logical paths dominate: (1) concept defi-
nition — motivation analysis — element identification — framework construc-
tion — implementation; (2) concept differentiation — definition — motivation
analysis — model construction based on existing frameworks; and (3) post-
construction case validation, technical solutions, or maturity assessment [5,7,9-

10,16,19,36-37,39-40,42-43,45-48].

Methods: Qualitative methods predominate, including literature review, pol-
icy analysis, case studies, interviews, comparative studies, and conceptual analy-
sis. Triangulation combining multiple methods is emphasized but underutilized
[4-6,10-11,13,19-20,36,41,46-47].

Evaluation Criteria: Largely absent from current research.

4 Integrated Framework for Big Data Governance System
Building and Component Relationships

4.1 Proposal of the Integrated Framework

Existing methodologies have complementary strengths but lack evaluation mech-
anisms and practical implementation pathways. Drawing on PDCA (Plan-Do-
Check-Act) as a quality management approach with iterative improvement prin-
ciples, we propose an integrated framework for big data governance system
building that addresses its socio-technical complexity [Figure 2: see original
paper].

The integrated framework uses PDCA phases: (1) Plan: Understand context,
define needs/objectives, and establish conceptual models; (2) Do: Build the gov-
ernance system with multi-theoretical support, following established processes;
(3) Check: Evaluate theoretical support, goal alignment, and principle adher-
ence; (4) Act: Improve and optimize based on evaluation, validating effective-
ness.

4.2 Component Relationships in the Integrated Framework

4.2.1 Planning Phase: Addressing Adaptability This phase clarifies spe-
cific scenarios and problems, defining governance needs and objectives. The con-
ceptual model should be prioritized, with current mainstream approaches using
five dimensions: subject, object, activity, tool, and objective. Multi-stakeholder
alliances should be formed, covering cross-level, cross-domain data with lifecy-
cle management and diverse tools (social and technical) to achieve governance
goals of capability enhancement, compliance, risk control, and value creation.
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4.2.2 Implementation Phase: Addressing Complexity As a complex
socio-technical system, big data governance requires multi-theoretical support:
public governance theories for subjects, digital governance theory for objects,
information lifecycle and digital continuity theories for activities, and public
value theory for objectives. Methodology perspectives include element control
(most common), process control (lifecycle/business integration), level control
(macro-meso-micro), and mechanism control (operation, collaboration, motiva-
tion, and security). Implementation should follow established processes while
allowing for case validation and technical solutions.

4.2.3 System Evaluation and Improvement Phase: Addressing Long-
term Effectiveness These underdeveloped phases require strengthening.
Evaluation should employ expert assessment and case validation to examine:
theoretical soundness, goal alignment, and principle matching. Human-centered
design emphasizes equal participation and multi-value compatibility. Data
security and rights principles require establishing data rights as a key gover-
nance domain. Data-driven governance reflects resource-based, law-respecting,
method-using, and ethics-following principles. Scenario alignment ensures
consistency with specific governance concepts and business objectives. Improve-
ment involves optimizing the system based on evaluation results and validating
effectiveness under multi-theoretical guidance.

Conclusion

This paper answers three questions: (1) Methodology comprises theory, concep-
tual models, principles/rules, processes, methods, and evaluation criteria; (2)
Current big data governance methodologies lack integrated, multi-perspective
frameworks and emphasize elements over principles and evaluation; (3) A
PDCA-based integrated framework synthesizes existing components and adds
evaluation and continuous improvement.

Critically analyzing existing methodologies through PDCA provides theoretical
and practical value for optimizing governance systems, achieving objectives, and
adapting to dynamic contexts. Future research will conduct multi-case empirical
studies across scenarios to develop best practice benchmarks.
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