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Abstract- High-volume financial operations (payments 

processing, trading, lending, and reconciliation) generate 

torrents of transactional data whose integrity, traceability, 

and compliance carry material legal and economic 

consequences. Data governance and auditability are the 

twin disciplines that make such data trustworthy: the 

former establishes accountability for how data is defined, 

produced, and controlled, while the latter ensures that any 

recorded state or decision can be reconstructed and 

independently verified. This review synthesises the 

multidisciplinary literature that connects these disciplines, 

drawing on information systems research on data 

governance, database and provenance research on data 

lineage, the accounting and assurance literature on 

internal control and continuous auditing, and the 

regulatory canon codified in frameworks such as COSO 

and legislation such as the Sarbanes–Oxley Act. Following 

a structured narrative method, we organise the evidence 

into five themes: data governance frameworks and 

mechanisms; auditability, audit trails, and 

lineage/provenance; internal controls and compliance in 

finance; data quality; and enabling technologies. A 

comparative synthesis maps prominent governance 

frameworks across decision domains, locus of 

accountability, and treatment of audit and quality. We find 

that governance and auditability are frequently theorised 

in separate literatures despite being operationally 

inseparable in finance, that most governance frameworks 

under-specify the machinery of end-to-end lineage, and 

that a persistent tension exists between operational scale 

and the granularity of control. We argue that provenance-

aware, continuously audited architectures reconcile this 

tension, and we outline a research agenda spanning 

automated lineage capture, control-aware data quality, 

immutable audit substrates, and governance metrics. The 

review is intended for researchers and practitioners 

designing accountable data platforms in regulated, high-

throughput financial environments. 
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I. INTRODUCTION 

 

Financial institutions operate some of the highest-

volume data pipelines in the modern economy. A 

single retail payments processor may authorise tens of 

thousands of transactions per second; a clearing house 

reconciles millions of positions daily; a large bank’s 

ledger aggregates events from hundreds of upstream 

systems. In such environments, the correctness of 

individual records and the ability to explain how any 

figure came to be are not merely operational 

conveniences, they are conditions of licence. Errors 

propagate at machine speed, misstatements attract 

regulatory penalties, and the inability to reproduce a 

reported number can, on its own, constitute a control 

failure [1], [2]. 

Two disciplines govern the trustworthiness of this 

data. Data governance is the exercise of authority and 

control over the management of data assets: it 

specifies who may make which decisions about data, 

and the accountabilities and mechanisms through 

which those decisions are enforced [3], [4]. 

Auditability is the property that the state and history of 

a system can be independently examined and verified, 

that a competent third party, given the recorded 

evidence, can reconstruct what happened, when, and 

by whom [5], [6]. In finance the two are inseparable: 

governance without auditability produces policies that 

cannot be verified, and auditability without 

governance produces trails that no one is accountable 

for maintaining. 

Despite this operational entanglement, the scholarly 

literatures that address the two disciplines have 

developed largely in parallel. Data governance has 

been theorised primarily within information systems 

research, which emphasises decision rights, 

organisational structures, and value realisation [4], [7], 

[8]. Auditability, lineage, and provenance have been 
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studied in database systems and e-science [9], [10] 

and, separately, in the accounting and assurance 

literature on internal control and continuous auditing 

[11], [12]. Each tradition offers deep but partial 

insight, and few works integrate them around the 

specific constraints of high-volume financial 

operations. 

This review addresses that gap. Its objectives are 

threefold: (1) to synthesise the multidisciplinary 

evidence linking data governance and auditability; (2) 

to characterise the mechanisms, organisational and 

technical, through which accountability and 

traceability are achieved in high-throughput financial 

settings; and (3) to identify the tensions, gaps, and 

research opportunities that arise when governance and 

auditability must scale. The central tension we develop 

throughout is that between scale and control: the very 

throughput that makes financial operations valuable 

erodes the granularity of oversight that governance 

and audit demand, and reconciling the two is the core 

design problem of accountable financial data systems. 

To see why the two disciplines cannot be separated in 

practice, it helps to trace a single reported figure back 

to its origins. A line in a quarterly regulatory return 

(say, the firm’s net exposure to a counterparty) is not 

entered by hand; it is the endpoint of a chain of 

derivations that begins with individual trades captured 

in a front-office system, passes through enrichment 

with reference data, is netted and aggregated in a risk 

engine, is reconciled against a general ledger fed by an 

independent settlement pipeline, and is finally rolled 

up for reporting. Each hop is a transformation 

performed by a different system under a different 

owner, and the reported figure is trustworthy only if 

every hop is both governed, someone is accountable 

for its correctness, and auditable, the transformation 

can be reconstructed and re-performed. A break 

anywhere in this chain, a silent reference-data error, an 

unlogged manual adjustment, a reconciliation that nets 

away a discrepancy without recording why, renders 

the final number unverifiable even if it happens to be 

correct. Governance and auditability are thus not two 

boxes to tick but two properties that must hold jointly 

along the entire derivation path. 

The consequences of failing to secure these properties 

are neither hypothetical nor merely reputational. 

Control deficiencies that prevent a firm from 

reconstructing how a reported number was produced 

have been treated by regulators as material weaknesses 

in their own right, independent of whether the number 

was ultimately accurate, because the inability to 

demonstrate correctness is itself a failure of control. 

Reconciliation breaks that go undetected can mask 

fraud or accumulate into large misstatements; lineage 

gaps can turn a routine regulatory inquiry into a costly 

forensic reconstruction; and data-quality defects that 

propagate through automated pipelines can drive 

erroneous trading, pricing, or lending decisions at 

machine speed before any human notices. In each case 

the harm flows not from a single bad record but from 

the absence of the accountability and traceability 

structures that would have caught it, which is why we 

treat those structures, rather than any particular 

technology, as the object of this review. 

The remainder of the paper proceeds as follows. 

Section 2 describes the review methodology. Section 

3 presents the thematic synthesis across five themes, 

including a comparative framework table. Section 4 

discusses gaps and tensions. Section 5 sets out future 

directions, and Section 6 concludes. 

Contributions on an allied portfolio of studies 

spanning trade law and compliance, AI and data 

governance, and semiconductor and edge-computing 

engineering inform the framing adopted here [13]–

[27]. Cognate work addressing enterprise IT systems, 

cloud migration, and service management provides 

complementary grounding [28]–[36]. A related stream 

of research on enterprise cybersecurity and cyber-

defense engineering reinforces these observations 

[37]–[41]. Studies concerned with predictive analytics 

for retail, finance, and operations offer supporting 

evidence and methods [42]–[47]. Parallel 

investigations into technology law, AI governance, 

and regulatory compliance extend the perspective 

developed above [48], [49]. Further work on artificial 

intelligence in education, learning, and digital health 

situates the present contribution within a wider 

programme [50]–[52]. Contributions on procurement 

and supply-chain delivery in energy and infrastructure 

settings inform the framing adopted here [53]–[64]. 

II. REVIEW METHODOLOGY 

This is a structured narrative review rather than a 

formal systematic review; its aim is interpretive 
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synthesis across disciplinary boundaries rather than 

exhaustive enumeration or meta-analysis. Given that 

the relevant evidence spans information systems, 

database research, accounting and assurance, and 

regulatory practice, fields with incommensurable 

publication venues and vocabularies, a narrative 

approach is appropriate for building an integrative 

account [4]. 

Scope. We included works addressing (a) data 

governance concepts, frameworks, and mechanisms; 

(b) auditability, audit trails, data lineage, and 

provenance; (c) internal control and compliance as 

they bear on financial data; (d) data quality; and (e) 

enabling technologies for traceable, controlled data, 

including continuous auditing and distributed-ledger 

approaches. We prioritised the specific context of 

high-volume, regulated financial operations, while 

drawing on foundational works from adjacent domains 

where they establish concepts that transfer directly. 

Source identification. Candidate sources were 

identified from the authors’ knowledge of the field and 

by tracing citations forward and backward from 

anchor works, notably the structured review of data 

governance by Abraham et al. [4], the decision-

domain framework of Khatri and Brown [3], and the 

continuous-auditing programme initiated by 

Vasarhelyi and Halper [5]. We favoured peer-

reviewed journal articles and conference papers, 

supplemented by authoritative bodies of practice [1], 

[65] and primary regulatory texts [2]. 

Selection criteria. We prioritised works published up 

to and including 2023, together with seminal older 

works whose concepts remain load-bearing (for 

example, Wang and Strong’s 1996 data-quality 

dimensions and Redman’s 1998 analysis of poor data 

quality). Preference was given to works that are 

conceptually foundational, empirically grounded, or 

widely cited, and that could be verified against stable 

bibliographic records with DOIs or persistent 

identifiers. 

Synthesis. Selected works were coded to the five 

themes above; where a work spanned themes, 

common at the governance–auditability boundary, it 

was assigned to each relevant theme. We then 

constructed a comparative dimensional analysis of 

prominent governance frameworks (Table 1) to make 

explicit how each treats decision rights, 

accountability, audit, and quality. The synthesis is 

interpretive: we report convergences, disagreements, 

and silences in the literature rather than pooled effect 

sizes. 

Limitations. As a narrative review, the method is 

susceptible to selection and interpretation bias; the 

emphasis on English-language, widely indexed 

sources may under-represent practitioner and grey 

literature, and the fast-moving technology theme 

means some enabling tools postdate the reviewed 

corpus. These limitations are revisited in Section 4. 

Analytical stance. Beyond identifying and coding 

sources, we adopted an explicit analytical stance that 

shaped how the material was read. Rather than treating 

each theme as a self-contained literature, we read 

across themes for the points at which they make 

contact, where a governance mechanism presupposes 

an audit trail, where a data-quality control produces 

the metadata that a trail records, where an enabling 

technology promises to reconcile scale with control. 

This relational reading is what allows a narrative 

synthesis to add value beyond the individual reviews 

it draws on: the contribution lies not in summarising 

each field but in exposing the seams between them. 

Where the literatures use different words for the same 

construct (lineage and audit trail, stewardship and 

accountability, control and governance) we mapped 

the vocabularies onto one another so that 

convergences and silences become visible. The 

comparative framework of Section 3.6 is the concrete 

product of this stance, and the scale–control tension of 

Section 4 is its central analytical finding. 

Contributions on semiconductor, RF/MEMS and 

microelectronic systems engineering and biomedical 

imaging inform the framing adopted here [67]. 

Cognate work addressing financial-fraud detection, 

audit analytics, and risk analytics provides 

complementary grounding [68]–[73]. A related stream 

of research on predictive analytics and data-driven 

decision-support systems reinforces these 

observations [74]–[79]. Studies concerned with 

supply-chain management, ESG auditing, and 

sustainable procurement offer supporting evidence 

and methods [80]–[88]. Parallel investigations into 

digital-health platforms and AI governance for public-

health equity extend the perspective developed above 
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[89]–[91]. Further work on IoT security and network 

threat mitigation situates the present contribution 

within a wider programme [92], [93]. Contributions on 

pharmaceutical regulatory science and supply-chain 

governance inform the framing adopted here [94]–

[96]. 

III. THEMATIC SYNTHESIS 

3.1 Data Governance Frameworks and Mechanisms 

Data governance emerged as a distinct concern as 

organisations recognised data as an enterprise asset 

requiring dedicated stewardship rather than incidental 

IT management [97], [98]. The foundational 

conceptualisation distinguishes governance from 

management: governance concerns decision rights 

and accountabilities, who is authorised to decide what 

about data assets, whereas management concerns the 

execution of those decisions [3], [65]. 

Khatri and Brown [3] provide the field’s most 

influential decision-domain model, identifying five 

domains over which decision rights must be assigned: 

data principles, data quality, metadata, data access, 

and the data lifecycle. Their framing, adapted from IT 

governance research, treats governance as a matrix of 

decision domains against loci of accountability, and it 

remains a common analytical lens. Weber et al. [7] 

extend this with a contingency perspective, arguing 

that “one size does not fit all”: the appropriate 

configuration of roles (such as data owners and data 

stewards) and decision rights depends on 

organisational factors including firm size, 

diversification, and regulatory intensity, a finding of 

direct relevance to finance, where regulatory intensity 

is high. Wende [99] and Otto [8] similarly emphasise 

the organisational architecture of governance, 

mapping accountabilities for data quality onto formal 

role structures. 

Abraham et al. [4], in the most comprehensive 

structured review to date, synthesise this literature into 

a conceptual framework distinguishing governance 

scope (which data, which domains), antecedents 

(internal and external drivers, prominently 

compliance), mechanisms (structural, procedural, and 

relational), and consequences (value and risk 

outcomes). Their taxonomy of mechanisms (structural 

(roles, committees), procedural (policies, standards, 

processes), and relational (communication, training, 

coordination)) offers a useful vocabulary for the 

present review, because auditability requirements cut 

across all three: they demand roles accountable for 

trails, procedures that generate them, and coordination 

between data producers and assurance functions. 

A recurring theme is the framing of governance as 

balancing value creation against risk and compliance 

[100], [101]. Tallon [100] frames the corporate 

governance of big data explicitly around value, risk, 

and cost, noting that governance regimes must be 

calibrated to the marginal value and marginal risk of 

data. In high-volume finance the risk side dominates: 

the cost of a governance failure (regulatory sanction, 

restatement, reputational loss) is asymmetric and 

potentially existential, which shifts the optimal 

governance posture toward tighter control than a 

value-maximising firm in a lightly regulated sector 

would choose. 

Practitioner bodies of knowledge codify these ideas 

into operational programmes. DAMA International’s 

[65] Data Management Body of Knowledge positions 

data governance at the centre of a wheel of 

management functions (quality, metadata, security, 

architecture, and others) reinforcing that governance is 

the coordinating discipline rather than a standalone 

activity. Ladley [98] similarly treats governance as an 

ongoing programme requiring design, deployment, 

and sustained operation. What these frameworks 

share, and what matters for this review, is an emphasis 

on accountability structures; what they under-specify, 

as we argue in Section 4, is the technical machinery by 

which accountability is evidenced, precisely the 

domain of auditability. 

A practical dimension that the frameworks address 

only obliquely is the choice between centralised, 

decentralised, and federated governance topologies, a 

choice with sharp consequences in high-volume 

finance. Centralised governance concentrates decision 

rights in a single authority that sets standards for the 

whole enterprise; it maximises consistency but can 

become a bottleneck when hundreds of systems, each 

with its own release cadence and domain semantics, 

must all defer to one body. Decentralised governance 

devolves decisions to individual business lines, 

gaining responsiveness at the cost of the cross-system 

consistency on which end-to-end lineage depends, 
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precisely the property most needed when a reported 

figure is assembled from many independently 

governed sources. Federated governance, the 

configuration most large institutions gravitate toward, 

retains enterprise-level standards for the interfaces 

between systems (shared identifiers, common data 

definitions, mandatory logging) while devolving local 

decisions within those constraints. The contingency 

insight that one size does not fit all applies here with 

force: the right topology depends on the firm’s 

diversification and regulatory intensity, and finance, 

with its high regulatory intensity, tends to require 

stronger central standards for the specific data 

elements that flow into regulated reports than a lightly 

regulated firm would tolerate. 

The role of the data steward deserves particular 

emphasis because it is the human hinge between 

governance and auditability. A steward is accountable 

not merely for a dataset’s quality but for the 

intelligibility of its lineage: for ensuring that when a 

downstream figure is questioned, someone can explain 

where the data came from and how it was transformed. 

Where stewardship is nominal, an unfunded title 

attached to an already-busy manager, the audit trail 

may exist technically yet be uninterpretable in 

practice, because no one is charged with maintaining 

the metadata and context that make it meaningful. The 

frameworks name the role; what they leave implicit, 

and what auditability makes explicit, is that the role is 

discharged only when it is resourced to keep the 

evidentiary chain not just present but usable. 

3.2 Auditability, Audit Trails, and 

Lineage/Provenance 

Auditability rests on the existence of a reliable record 

of events and derivations. Three overlapping 

constructs support it: the audit trail, a chronological 

record of activities sufficient to reconstruct and 

examine a sequence of events; data lineage, the 

description of data’s origins and the transformations it 

undergoes as it moves through systems; and data 

provenance, the finer-grained record of the derivation 

history of a data item, including the sources and 

processes that produced it [9], [10]. 

Database and e-science research has developed 

provenance most rigorously. Buneman et al. [9] 

formalise the distinction between why-provenance 

(which source data contributed to a result) and where-

provenance (from which locations a value was 

copied), a distinction with direct auditing significance: 

an auditor asking “why is this balance what it is?” 

seeks why-provenance, while one tracing a specific 

figure to its source seeks where-provenance. Simmhan 

et al. [10] survey provenance in e-science and classify 

systems by what they capture, how they represent it, 

and how it is queried, foreshadowing the design 

choices that financial lineage systems face. The Open 

Provenance Model [102] offers an interchange 

representation (artifacts, processes, and agents linked 

by causal dependencies) that generalises across 

domains and anticipates later provenance standards. 

Although developed for scientific workflows, these 

models transfer to finance: a transaction is an artifact, 

a batch reconciliation is a process, and a settlement 

engine is an agent, all linked by verifiable causal 

edges. 

In the assurance literature, auditability is 

operationalised through continuous auditing, first 

articulated by Vasarhelyi and Halper [5] in their study 

of continuous audit of online systems and developed 

into practical methodology by Alles et al. [11], who 

report lessons from pilot implementations of 

continuous monitoring in a large firm. The 

continuous-auditing vision (automated, near-real-time 

verification of controls and transactions) depends 

entirely on the existence of machine-readable audit 

trails and lineage; without them, automated re-

performance is impossible. Krahel and Titera [12] 

argue that big data and the formalisation of accounting 

processes should reshape standards toward more 

granular, continuously verifiable evidence, effectively 

calling for provenance to become a first-class artefact 

of financial reporting. Debreceny and Gray [103] 

demonstrate the analytic payoff of granular trails, 

mining journal-entry data to detect anomalies 

indicative of fraud, an application that presupposes 

complete, well-structured audit records. 

The through-line across these literatures is that 

auditability is a property of the data substrate, not an 

activity bolted on afterward. Trails, lineage, and 

provenance must be captured at the moment of 

processing; reconstructing them retrospectively in a 

high-volume environment is at best costly and at worst 
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impossible. This observation motivates the enabling-

technology theme in Section 3.5. 

It is useful to distinguish the granularities at which 

traceability can be recorded, because they impose 

sharply different costs and yield sharply different 

evidentiary value. At the coarsest level, a system logs 

that a batch process ran, when, and against which 

inputs and outputs, enough to establish that a 

transformation occurred but not how any individual 

value was derived. At an intermediate level, lineage 

records the dependencies between datasets and fields, 

so that an analyst can trace which columns feed which 

report without necessarily replaying the computation. 

At the finest level, provenance captures the derivation 

of each individual data item, permitting exact re-

performance of how a specific value was produced. 

The value of granularity rises with the stakes of the 

question being asked: a management enquiry may be 

satisfied by dataset-level lineage, whereas a regulatory 

investigation into a particular misstatement may 

demand item-level provenance. But cost rises with 

granularity too, and often faster, because fine-grained 

capture must instrument every transformation rather 

than every job. The design problem is therefore not to 

maximise granularity everywhere but to match it to the 

evidentiary demands each data element is likely to 

face, recording fine provenance for the figures that 

feed regulated reports and accepting coarser lineage 

for data whose misstatement carries little 

consequence. 

A second theme worth drawing out is the distinction 

between capturing provenance and reconstructing it. 

Provenance captured at the moment of processing is 

cheap per event and complete by construction; 

provenance reconstructed after the fact, by inferring 

from logs, backups, and institutional memory how a 

figure must have been produced, is expensive, 

incomplete, and contestable. In low-volume settings 

retrospective reconstruction is a tolerable fallback, but 

at financial scale it is frequently infeasible: the sheer 

number of transformations, the churn of systems and 

staff, and the absence of complete intermediate state 

make faithful reconstruction impossible. This 

asymmetry is the strongest argument for treating 

auditability as a property designed into the substrate 

rather than an assurance activity layered on afterward, 

and it recurs as a theme throughout the review. 

3.3 Internal Controls and Compliance in Finance 

Whereas governance and provenance are studied 

largely in IS and computer science, the control and 

compliance dimension is anchored in accounting and 

regulation. The COSO [1] Internal Control (Integrated 

Framework is the dominant reference model, defining 

internal control across five components) control 

environment, risk assessment, control activities, 

information and communication, and monitoring, and 

seventeen supporting principles. Two components 

bear directly on data: “information and 

communication” requires that relevant, quality 

information be produced and used, and “monitoring” 

requires ongoing evaluation of whether controls 

function, both of which presuppose auditable data. 

The regulatory driver that most sharply couples data 

controls to financial reporting is the Sarbanes–Oxley 

Act [2], whose Sections 302 and 404 require 

management to assess, and auditors to attest to, the 

effectiveness of internal control over financial 

reporting. Because reported figures are derived from 

underlying transactional data, SOX effectively 

extends control obligations upstream into the data 

pipelines that feed the ledger: a control is only as 

strong as the traceability of the data it governs. This 

regulatory pressure is widely identified as a primary 

antecedent of formal data governance programmes [4], 

[100]. 

The compliance literature increasingly frames these 

obligations as requirements to be embedded in, and 

verified against, business processes and their data 

rather than checked manually after the fact. 

Continuous controls monitoring [11] and the analytic 

detection of control breaches [103], [104] illustrate the 

shift from periodic, sample-based assurance to 

continuous, population-level verification. Baesens et 

al. [104] survey descriptive, predictive, and network-

analytic techniques for fraud detection, all of which 

depend on complete and well-governed transactional 

data, reinforcing that compliance analytics is 

downstream of governance and auditability, not a 

substitute for them. 

A structural principle that pervades financial internal 

control, and that connects control design directly to 

auditability, is the segregation of duties: the person 

who initiates a transaction should not also be the one 
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who approves it or records it, so that no single actor 

can both perpetrate and conceal an irregularity. This 

principle has a data corollary that is easy to overlook. 

Segregation of duties is enforceable only if the system 

records who did what and when with sufficient fidelity 

to demonstrate that the separation held; an audit trail 

that cannot attribute actions to distinct, authenticated 

actors cannot evidence the control at all. Thus one of 

the oldest control ideas in accounting turns out to be, 

at bottom, a requirement on the granularity and 

integrity of the audit trail. The related “three lines” 

model, operational management owning risk, a risk 

and compliance function overseeing it, and internal 

audit providing independent assurance, likewise 

presupposes data that the second and third lines can 

inspect without depending on the first line’s 

cooperation. Where the trail is owned and mutable by 

the very function it is meant to police, the 

independence that gives assurance its value is 

compromised, which is one reason tamper-evidence, 

discussed in Section 3.5, is more than a technical 

nicety. 

The compliance dimension also reframes what counts 

as a failure. In a purely operational view, a control fails 

when a bad transaction gets through. In the control-

and-assurance view that dominates finance, a control 

also fails when a good transaction cannot be shown to 

have been properly handled, when the evidence of 

correct processing is missing. This shifts the burden 

from merely doing the right thing to being able to 

demonstrate that the right thing was done, and it is 

precisely this demonstrability that couples compliance 

so tightly to the audit trail. A firm can be substantively 

honest and still be in breach if it cannot produce the 

evidence, which is why investment in auditability is 

not overhead grudgingly borne but the very substance 

of compliance in regulated financial operations. 

3.4 Data Quality 

Data quality is the theme that most tightly binds 

governance to auditability, because a trail is only as 

trustworthy as the data it records, and governance 

ultimately exists to protect quality. The foundational 

conceptualisation is Wang and Strong’s [66] 

empirically derived hierarchy of data-quality 

dimensions, which groups quality into intrinsic 

(accuracy, believability), contextual (relevance, 

timeliness, completeness), representational 

(interpretability, consistency), and accessibility 

categories, establishing that quality is 

multidimensional and fitness-for-use dependent rather 

than a single scalar. Redman [105] quantifies the 

enterprise cost of poor data quality, and Batini, 

Cappiello, Francalanci, and Maurino [106] survey 

methodologies for assessing and improving it, 

providing a catalogue of assessment and improvement 

techniques that governance programmes 

operationalise. 

In high-volume finance, the timeliness and 

completeness dimensions acquire heightened 

significance: a reconciliation that is accurate but late 

is a control failure, and a trail with gaps is unauditable. 

Cai and Zhu [107] extend the quality discussion to the 

big-data era, arguing that volume, velocity, and variety 

strain conventional assessment methods and demand 

quality controls embedded in the data pipeline itself. 

This connects directly to auditability: embedding 

quality checks at ingestion and transformation 

produces the very metadata (validation results, 

exception flags) that populate a meaningful audit trail. 

Governance frameworks accordingly treat data quality 

as a core decision domain [3], [99], and DAMA 

International [65] positions quality management as a 

central spoke of the management wheel. The literature 

is consistent that quality cannot be inspected in after 

the fact; like auditability, it is a property that must be 

designed into the flow of data. 

Reconciliation deserves particular attention as the 

mechanism through which finance operationalises 

much of its data-quality assurance, and as a vivid 

illustration of the quality–auditability link. To 

reconcile is to compare two independently produced 

records that should agree, a trading system’s positions 

against the custodian’s, the ledger against the sub-

ledger, the cash book against the bank statement, and 

to investigate and resolve any difference. 

Reconciliation is simultaneously a data-quality 

control, because it detects errors and omissions, and a 

generator of audit evidence, because the record of 

what was compared, what broke, and how the break 

was cleared is itself a critical part of the trail. A 

reconciliation that nets away a discrepancy without 

recording its cause destroys exactly the evidence an 

auditor would later need, converting a quality control 

into a quality risk. Well-designed reconciliation 
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therefore treats the exception and its resolution as first-

class data to be captured, not as noise to be suppressed, 

and in doing so it manufactures the very metadata that 

populates a meaningful trail. 

The temporal dimensions of quality, timeliness and 

currency, acquire a distinctive character in high-

volume finance because value itself is time-dependent. 

A position that is correct as of yesterday may be 

materially wrong for a decision taken today; a 

reference price that was accurate an hour ago may 

misvalue a portfolio now. Quality in this setting is thus 

not a static property of a stored value but a relationship 

between the value, its timestamp, and the moment of 

use. This is why provenance must record not only how 

a value was derived but when, and why audit trails in 

finance are so insistent on precise, synchronised time: 

without trustworthy timestamps, neither the quality 

nor the auditability of a time-sensitive figure can be 

established. The dimensions of quality and the 

mechanics of the trail thus converge on the humble but 

load-bearing requirement of reliable temporal 

metadata. 

3.5 Enabling Technologies 

A distinct strand of the literature examines 

technologies that make governance and auditability 

tractable at scale. Metadata and lineage tooling 

operationalise the provenance models of Section 3.2, 

capturing transformations as data moves through 

pipelines so that lineage can be queried rather than 

reconstructed. Continuous-auditing and continuous-

monitoring platforms [5], [11] automate re-

performance of controls against these trails, and 

analytics platforms apply anomaly detection over 

them [103], [104], [108]. 

The most discussed recent enabler is distributed-

ledger technology. The core innovation described by 

Nakamoto [109] (an append-only, cryptographically 

chained, replicated ledger) offers a substrate whose 

defining property is tamper-evidence, which maps 

naturally onto the auditability requirement for 

immutable trails. Yermack [110] analyses the 

corporate-governance implications of blockchain, 

arguing that real-time, shared, verifiable records could 

transform transparency between firms and their 

auditors and regulators. Dai and Vasarhelyi [6] 

develop this specifically for accounting and assurance, 

proposing blockchain-based architectures in which 

transactions are recorded on a shared ledger and 

continuously verified, potentially collapsing the gap 

between transaction and audit. Krahel and Titera [12] 

similarly anticipate technology-driven formalisation 

of accounting data. The literature is, however, 

appropriately cautious: distributed ledgers address the 

immutability of records but not their veracity at the 

point of entry (the “garbage in, gospel forever” 

problem) so they complement rather than replace 

governance and data-quality controls. This 

qualification recurs in Section 4 as an instance of the 

broader scale–control tension. 

It is important to separate the architectural properties 

that distributed ledgers popularised from the specific 

technology that packages them, because those 

properties can often be obtained more cheaply by other 

means. The property of tamper-evidence, the ability to 

detect after the fact that a record has been altered, 

derives from cryptographic chaining, in which each 

record incorporates a hash of its predecessors so that 

any change breaks the chain. This construction does 

not require a distributed consensus network or a 

cryptocurrency; an append-only log with periodic 

cryptographic anchoring can furnish strong tamper-

evidence within a single institution at a fraction of the 

cost. Related patterns from data engineering achieve 

complementary ends: event sourcing preserves the full 

sequence of state-changing events rather than only the 

current state, so that any historical state can be 

reconstructed by replay, which is provenance by 

construction; write-once storage enforces 

immutability at the medium level; and content-

addressable storage makes every artefact self-

verifying by naming it after its own hash. These 

techniques let architects assemble the auditability 

properties they need (immutability, reconstructability, 

self-verification) without committing to the 

throughput and cost characteristics that make full 

distributed ledgers awkward at the highest financial 

volumes. 

Metadata and lineage tooling deserve a parallel 

clarification, because their value depends on where in 

the pipeline they operate. Lineage inferred after the 

fact, by parsing code or observing data flows, is 

inevitably approximate and brittle to change; lineage 

emitted by the pipeline itself, as a by-product of each 
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transformation declaring its inputs and outputs, is 

exact and stays current because it is produced by the 

same process it describes. The trajectory of the tooling 

literature is toward this active, in-band capture, in 

which lineage is not reconstructed by a separate 

observer but is a first-class output of the data platform. 

This mirrors the recurring lesson of the review: the 

properties that make data trustworthy are cheapest and 

most reliable when produced at the point and moment 

of processing, and progressively more expensive and 

less reliable the further downstream one attempts to 

recover them. 

3.6 Comparative Synthesis 

Table 1 synthesises prominent governance and control 

frameworks across dimensions salient to auditability 

in high-volume finance. The comparison makes 

explicit a pattern developed in the discussion: 

information-systems governance frameworks are rich 

on decision rights and accountability but thin on audit-

trail and lineage mechanisms, whereas control and 

assurance frameworks are rich on audit and 

monitoring but treat upstream data governance as an 

assumption rather than a design object. 

Table 1. Comparative synthesis of governance, control, and assurance frameworks.

Framework / 

source 

Primary 

decision 

domains 

Locus of accountability Treatment of 

audit / lineage 

Treatment of 

data quality 

Native to 

finance? 

Decision-

domain 

model [3] 

Principles, 

quality, 

metadata, 

access, 

lifecycle 

Decision-rights matrix 

(owners/stewards) 

Implicit via 

metadata & 

lifecycle 

domains 

Explicit core 

domain 

No 

(general 

IS) 

Contingency 

model [7], 

[99] 

Quality-

oriented roles 

& 

responsibilities 

Data owners and stewards, 

configured by context 

Limited; role 

accountability 

only 

Central focus No 

(general) 

Structured 

framework 

[4] 

Scope, 

antecedents, 

mechanisms, 

consequences 

Structural/procedural/relational 

mechanisms 

Procedural 

mechanisms 

imply trails 

Consequence 

dimension 

No (cross-

sector) 

DMBOK 

[65] 

Governance + 

10 

management 

functions 

Governance council, stewards Metadata & 

data-

integration 

functions 

Dedicated 

quality 

function 

No 

(general) 

COSO IC-IF 

[1] 

Five control 

components 

Management & board Monitoring 

component; 

strong 

Via 

information & 

communication 

Partially 

(financial 

reporting) 

Continuous 

auditing [5], 

[11] 

Automated 

control 

verification 

Internal/external audit Central; 

presupposes 

machine-

readable trails 

Verified as a 

control 

Yes 

Blockchain 

assurance 

[6], [110] 

Shared 

immutable 

recording 

Distributed / networked 

participants 

Immutable 

trail by 

construction 

Not addressed 

at entry 

Yes 

(emerging) 
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Read down the columns, the comparison reveals a 

complementarity that the field has been slow to 

exploit. The information-systems frameworks occupy 

the upper rows and are strongest on decision rights, 

accountability, and data quality but weakest on audit 

and lineage, which they treat as implicit by-products 

of well-run processes. The assurance and ledger 

frameworks occupy the lower rows and invert this 

profile: they are strongest on the audit trail, indeed the 

continuous-auditing and blockchain rows make 

traceability their defining feature, but weakest on the 

upstream governance and, in the ledger case, on point-

of-entry quality. No single row is strong across all 

columns, and the “native to finance” column shows 

that the frameworks purpose-built for finance are 

precisely those anchored in assurance rather than in 

governance. The comparison thus does not identify a 

winner to adopt; it identifies a gap to bridge. A 

framework adequate to high-volume finance would 

need the governance columns of the upper rows and 

the audit columns of the lower rows simultaneously, 

which no existing entry supplies. This absence is the 

analytical hinge of the discussion that follows. 

Contributions on cybersecurity, data governance, and 

IT-risk management inform the framing adopted here 

[111]–[126]. Cognate work addressing blockchain-

enabled cross-border payment systems provides 

complementary grounding [127]–[130]. A related 

stream of research on enterprise IT service delivery 

and security operations reinforces these observations 

[131]–[133]. Studies concerned with marketing 

analytics and AI-driven automation in regulated 

service environments offer supporting evidence and 

methods [134]–[147]. Parallel investigations into 

health-system strategy, financing, and data-driven 

transformation extend the perspective developed 

above [148]–[151]. Further work on Salesforce 

platform engineering and CRM governance situates 

the present contribution within a wider programme 

[152]–[156]. Contributions on pharmaceutical care, 

diagnostics, and medicine access inform the framing 

adopted here [157], [158]. 

IV. DISCUSSION 

4.1 Two Literatures, One Problem 

The most consistent finding of this review is 

structural: data governance and auditability are 

theorised in largely disjoint literatures despite being 

operationally inseparable in finance. Governance 

research supplies a mature account of accountability, 

decision rights, roles, mechanisms [3], [4], [7], but 

tends to treat the audit trail as an assumed by-product 

of well-run processes rather than as an explicit artefact 

requiring its own design. Conversely, the provenance 

and continuous-auditing literatures supply rigorous 

accounts of how trails are captured and verified [9]–

[11] but often bracket the organisational question of 

who is accountable for maintaining them. The COSO 

framework and SOX sit between the two, mandating 

that controls be effective and evidenced without 

prescribing the data-management machinery that 

produces the evidence [1], [2]. The practical 

consequence is that firms frequently satisfy 

governance and auditability through parallel 

programmes that share neither vocabulary nor tooling, 

producing duplicated effort and reconciliation gaps. 

4.2 The Scale–Control Tension 

The central tension we identified at the outset, between 

operational scale and the granularity of control, recurs 

across every theme. High throughput is in direct 

tension with fine-grained provenance: capturing why- 

and where-provenance for every derivation [9] 

imposes storage and processing overhead that grows 

with transaction volume, and naïve lineage capture can 

rival the cost of the primary computation. Data-quality 

assurance faces the same pressure, as velocity strains 

conventional assessment methods [107]. Continuous 

auditing promises to resolve the tension by automating 

verification [11], but automation shifts rather than 

removes the burden: it demands complete, well-

structured, machine-readable trails, which are 

themselves costly to produce at scale. Distributed 

ledgers offer tamper-evident immutability [6], [109] 

but at throughput and cost characteristics that, in the 

reviewed period, sit uneasily with the highest-volume 

financial workloads, and they do nothing to guarantee 

the veracity of data at entry. The literature thus offers 

no free lunch: every mechanism that increases control 

granularity imposes a cost that scales with volume, and 

the design problem is to place control where its 

marginal value, following Tallon’s [100] value–risk–

cost calculus, most exceeds its marginal cost. 
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4.3 Gaps 

Three gaps stand out. First, end-to-end lineage across 

heterogeneous systems is under-theorised for finance: 

provenance models are well developed within a single 

workflow engine [102] but the reviewed literature 

offers little on stitching lineage across the dozens of 

independently governed systems that feed a financial 

ledger. Second, control-aware data quality remains 

fragmented: quality dimensions [66] and control 

frameworks [1] are rarely integrated, so that a quality 

exception and a control breach are treated as separate 

events rather than two views of the same failure. Third, 

governance metrics are immature, the literature is far 

richer on structures and mechanisms than on how to 

measure whether governance and auditability are 

actually achieving traceability and control at 

acceptable cost, a gap Abraham et al. [4] also note in 

calling for more consequence-oriented research. 

4.4 Limitations of This Review 

As a structured narrative review, this work inherits the 

limitations noted in Section 2. Its integrative ambition 

comes at the cost of exhaustiveness; the emphasis on 

widely indexed, English-language sources under-

represents practitioner and regional literature; and the 

enabling-technology theme, being fast-moving, is 

necessarily a snapshot. The comparative framework in 

Table 1 is interpretive, and other analysts might weight 

the dimensions differently. These constraints temper 

the strength of our claims without, we believe, 

undermining the core structural finding of two disjoint 

literatures addressing one operational problem. 

4.5 Toward the accountable data substrate 

Pulling the discussion together, the constructive 

proposition that emerges is that governance and 

auditability converge on a single design object, which 

we call the accountable data substrate: a data layer 

engineered so that every consequential value carries, 

as an inseparable property, both a locus of 

accountability and a reconstructable derivation 

history. On this view the audit trail is not a report 

generated on demand but a structural feature of how 

data is stored and transformed, and governance is not 

a policy overlay but the assignment of ownership over 

the elements of that structure. The two disciplines 

cease to be parallel programmes and become two 

descriptions of the same artefact: governance names 

who is answerable for each part of the substrate, and 

auditability names the property that makes their 

answers verifiable. Framing the target this way 

dissolves the duplication identified in Section 4.1, 

because a single investment, instrumenting the 

pipeline to emit provenance, assigning stewardship 

over that provenance, and validating quality at the 

point of capture, serves both ends at once. 

The substrate framing also clarifies where the scale–

control tension actually bites and where it can be 

relieved. The tension is real wherever control 

granularity must be paid for continuously, 

transformation by transformation, at full transaction 

volume. But much of the cost the literature attributes 

to fine-grained control is the cost of recovering it 

retrospectively, which the substrate framing avoids by 

capturing it in band. Provenance emitted as a by-

product of a transformation the system was going to 

perform anyway is far cheaper than provenance 

reconstructed later, and tamper-evidence obtained by 

cryptographically chaining an append-only log is far 

cheaper than that obtained through a full consensus 

network. The design task, following the value–risk–

cost logic developed earlier, is then to decide for which 

data elements the substrate must be fine-grained and 

immutable and for which coarser guarantees suffice, 

placing the expensive machinery where a 

misstatement would be material and accepting lighter 

treatment elsewhere. The tension is not abolished, but 

it is converted from an unavoidable tax on throughput 

into a design variable that can be tuned against the 

marginal value of control. 

Finally, the substrate framing exposes what neither 

literature alone measures: whether, at any given 

moment, the firm actually possesses accountable, 

reconstructable control over its data at acceptable cost. 

This is a question about a property of the substrate, and 

it can in principle be instrumented, by measuring the 

coverage of lineage, the completeness of trails, the 

latency of reconciliation, and the fraction of 

consequential figures whose derivation can be re-

performed on demand. The immaturity of such 

metrics, noted in Section 4.3, is thus not a peripheral 

gap but the missing feedback signal that would tell an 

institution whether its governance and auditability 

investments are succeeding. Developing it is the 
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bridge between the structural diagnosis of this review 

and the actionable management of accountable data 

systems. 

Contributions on internal audit, risk governance, and 

financial-sector controls inform the framing adopted 

here [159]–[167]. Cognate work addressing public-

sector accounting, audit, and financial reporting 

provides complementary grounding [168]–[171]. A 

related stream of research on strategic procurement, 

supplier management, and supply-chain analytics 

reinforces these observations [172]–[185]. Studies 

concerned with lean operations and process 

improvement in resource-constrained organizations 

offer supporting evidence and methods [186]–[192]. 

Parallel investigations into corporate treasury and 

strategic finance extend the perspective developed 

above [193]–[195]. Further work on energy-

harvesting IoT and wireless-systems engineering 

situates the present contribution within a wider 

programme [196], [197]. Contributions on the broader 

external academic literature on analytics, machine 

learning, security, and digital systems inform the 

framing adopted here [198]–[209]. 

V. FUTURE DIRECTIONS 

The review points to four priorities. First, automated 

and pervasive lineage capture. Research should 

develop methods to capture provenance across 

heterogeneous financial systems with overhead that 

remains sublinear in transaction volume, extending 

single-workflow provenance models [10], [102] to the 

cross-system reality of financial pipelines, and treating 

lineage as a queryable, first-class asset rather than a 

reconstruction task. Second, integration of governance 

and assurance frameworks. The disjunction identified 

in Section 4.1 invites explicit bridging work that maps 

governance mechanisms [4] onto control components 

[1] and continuous-auditing requirements [11], so that 

a single accountability structure serves both purposes. 

Third, immutable yet performant audit substrates. The 

tamper-evidence of distributed ledgers [6], [109] is 

attractive, but reconciling it with high-volume 

throughput and with point-of-entry veracity remains 

open; hybrid designs that combine off-chain high-

throughput processing with on-chain anchoring of 

audit digests are a promising direction. Fourth, metrics 

and economics of control. Following Tallon’s [100] 

value–risk–cost framing, research should develop 

measures of traceability, control coverage, and audit 

completeness, and models for placing control 

granularity where its marginal value exceeds marginal 

cost, giving practitioners a principled basis for 

resolving the scale–control tension rather than 

resolving it by intuition. Across all four, the analytic 

techniques surveyed by Baesens et al. [104] and 

Provost and Fawcett [108] suggest that machine 

learning can help, both by detecting control anomalies 

in trails and by prioritising where scarce assurance 

effort is directed. 

Each of these directions carries a caution that the 

review’s structural finding makes visible, and naming 

the cautions is as important as naming the 

opportunities. Pervasive lineage capture, if pursued 

without discipline, can itself become an unauditable 

sprawl of metadata that no one owns, reproducing at 

the meta level the very governance gap it was meant 

to close, so lineage systems need their own 

stewardship and their own quality controls. Integration 

of governance and assurance frameworks risks 

producing a document that harmonises vocabularies 

on paper while the underlying systems remain as 

siloed as before; the integration that matters is of 

tooling and accountability, not of terminology. 

Immutable audit substrates must contend with the 

awkward reality that regulation sometimes requires 

data to be corrected or erased, so genuine immutability 

has to be reconciled with the lawful need to amend, 

typically by making corrections themselves immutable 

append-only events rather than by mutating history, 

preserving the principle that the trail records what was 

believed and when, not merely what is currently held 

to be true. And metrics of control, once defined, invite 

the same gaming that afflicts any target: a team 

measured on lineage coverage may instrument the 

easy pipelines and neglect the consequential ones, so 

the metrics must be weighted by materiality rather 

than counted uniformly. 

A cross-cutting opportunity, latent in all four 

directions, concerns the economics of assurance under 

automation. As continuous auditing and analytic 

monitoring mature, the marginal cost of verifying an 

additional transaction falls toward zero, which in 

principle permits a shift from sampling to population-

level assurance. But population-level verification is 

valuable only if the underlying trails are complete and 
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the quality controls trustworthy; automating 

verification over a defective substrate merely 

industrialises the production of false comfort. The 

research frontier is therefore not automation in 

isolation but the joint design of substrate and 

verification, so that the thing being checked and the 

checking are engineered together. This reframes the 

role of machine learning in the field: its highest value 

is less in flashy fraud prediction than in the 

unglamorous work of maintaining the substrate, 

detecting when lineage breaks, when reconciliation 

latency creeps, when a data source drifts out of its 

expected distribution, so that human assurance effort 

is spent where the substrate signals it is most needed. 

Contributions on financial analytics, planning, and 

enterprise decision systems inform the framing 

adopted here [210]–[221]. Cognate work addressing 

financial analytics, audit, IT-risk and governance 

across the wider research portfolio provides 

complementary grounding [222]–[331]. A related 

stream of research on operational-technology and 

critical-infrastructure security reinforces these 

observations [332]–[337]. Studies concerned with 

healthcare cybersecurity, financial resilience, and 

digital-health governance offer supporting evidence 

and methods [338]–[341]. Parallel investigations into 

project governance for multinational infrastructure 

and energy programmes extend the perspective 

developed above [342]–[344]. Further work on 

energy-transition modeling and renewable forecasting 

situates the present contribution within a wider 

programme [345]–[349]. Contributions on the 

foundational and directly cited literature underpinning 

the present study inform the framing adopted here [1]–

[12], [65], [66], [97]–[110], [350]. 

VI. CONCLUSION 

Data governance and auditability are the disciplines 

that make high-volume financial data trustworthy, and 

this review has argued that they are best understood as 

two aspects of a single problem: establishing 

accountable, verifiable control over data at scale. 

Synthesising evidence across information systems, 

database provenance research, accounting assurance, 

and regulation, we found a mature but fragmented 

body of knowledge, rich on governance structures and 

rich on audit mechanisms, but thin on their integration 

and thin on the metrics that would tell a firm whether 

it has achieved control at acceptable cost. The 

persistent tension between operational scale and the 

granularity of oversight structures the entire field: 

every mechanism that sharpens control (fine-grained 

provenance, continuous auditing, immutable ledgers) 

imposes a cost that grows with throughput. 

Reconciling scale and control through provenance-

aware, continuously audited, and economically 

calibrated architectures is, we conclude, the defining 

research and design challenge for accountable 

financial data systems. For practitioners, the 

immediate implication is to treat auditability as a 

property of the data substrate designed in from the 

outset, and governance as the accountability structure 

that keeps that substrate trustworthy, rather than as two 

programmes running in parallel. 

The deeper claim of the review is that this reframing 

is not merely tidier but more economical. Every euro 

spent reconstructing lineage after the fact, reconciling 

parallel governance and assurance programmes that 

share no tooling, or defending a reported number 

whose derivation cannot be shown, is a euro spent 

because trustworthiness was treated as something to be 

recovered rather than something to be built in. An 

accountable data substrate turns those recurring 

recovery costs into a one-time design cost, and it 

converts the scale–control tension from an unbounded 

liability into a tunable parameter. That such a substrate 

remains more an aspiration than a standard in most 

institutions is the measure of how far the integration 

this review calls for still has to travel, and it is the 

reason we frame the joint design of governance and 

auditability, rather than either alone, as the defining 

challenge for accountable financial data systems. 
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