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Abstract

Municipal building approvals serve as a critical regulatory mechanism to ensure safety, structural integrity, 
and sustainability in urban environments. However, traditional manual review processes are increasingly 
characterized by delays, high error rates, and subjective interpretations. This study investigates the factors 
explaining permit  accuracy by focusing on the dual  concepts of  automated compliance checking and 
municipal automation maturity. We establish a comprehensive conceptual framework that details how the 
integration of rule-based automated engines and the overarching technical and institutional readiness of 
local authorities influence the consistency and precision of issued building permits. Using quantitative and 
qualitative  data  from  thirty-five  municipal  authorities,  we  operationalize  automation  maturity  across 
technical, structural, and human capability dimensions. The empirical results demonstrate that automated 
compliance checking significantly reduces code omission errors, but its efficacy is heavily bounded by the 
municipality's  automation maturity  level.  Municipalities operating at  advanced maturity  stages achieve 
superior compliance checking speed and show a marked reduction in post-occupancy structural and safety 
discrepancies.  These  findings  emphasize  that  technological  adoption  alone  is  insufficient;  successful 
implementation  requires  a  holistic  alignment  of  organizational  workflows,  staff  training,  and  data 
standardization practices.

Keywords:  Automated  Compliance  Checking;  Building  Approvals;  Automation  Maturity;  Permit  Accuracy; 
Software Engineering

1. Introduction

The rapid expansion of urban environments globally places unprecedented demands on local government 
administrative frameworks. Among these, municipal building departments play a foundational role, acting 
as regulatory gatekeepers responsible for verifying that proposed construction projects adhere to safety, 
accessibility, environmental, and spatial zoning codes. Historically, this vetting process has relied on manual 
reviews of paper blueprints or flat two-dimensional computer-aided design drawings. Manual plan review 
processes, however, are notoriously complex, time-consuming, and prone to human oversight. Reviewers 
must cross-reference multi-disciplinary drawings against thousands of pages of frequently changing building 
standards. This complexity often leads to inconsistent interpretations of rules, long processing delays that 
hinder economic development, and variations in permit accuracy that can culminate in structural failures or 
costly retrofits during or after construction.

To  address  these  vulnerabilities,  researchers  and  municipal  administrators  have  turned  to  digital 
transformation, specifically automated compliance checking and the broader digitization of building permit 
workflows.  Automated compliance checking utilizes computer-executable  rules  translated from natural 
language building codes to automatically verify digital design files. This approach leverages the object-
oriented, semantically rich data structures of Building Information Modeling [1]. In tandem, Geographic 
Information  Systems are  utilized  to  automatically  validate  spatial  boundaries,  zoning  restrictions,  and 
environmental setback constraints [2]. By automating repetitive, rule-based verification tasks, municipal 
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departments can theoretically eliminate human error, guarantee uniform rule application, and significantly 
accelerate approval cycles.

Despite the intuitive benefits of automated compliance checking, its real-world implementation remains 
highly  uneven  across  jurisdictions.  Some  municipalities  report  major  efficiency  gains  and  flawless 
compliance rates, while others encounter system integration failures, staff resistance, and no observable 
improvements in permit accuracy. This variation highlights the importance of municipal automation maturity. 
Automation maturity is not merely the possession of advanced software; it represents a multi-dimensional 
construct  encompassing  hardware  infrastructure,  data  interoperability,  process  standardization,  and 
organizational capability [3]. A municipality attempting to run advanced automated checking algorithms on 
fragmented  legacy  systems  with  staff  untrained  in  spatial  modeling  will  inevitably  fail  to  realize  the 
technology's potential.

While computer science literature has thoroughly explored the algorithmic translation of building codes and 
the semantic mapping of design models [4], there is a distinct gap in empirical studies examining how these 
technical  systems operate within the sociotechnical  ecosystems of  local  government.  Specifically,  the 
relationship between automated compliance checking capabilities, organizational maturity levels, and actual 
permit accuracy has not been systematically quantified. Most studies focus on isolated pilot projects or 
theoretical algorithmic performance rather than long-term administrative outcomes across diverse municipal 
contexts [5].

This study aims to address this gap by establishing an empirical link between automated compliance 
checking, municipal automation maturity, and permit accuracy. We formulate a structured methodology to 
measure  these  variables  across  diverse  municipal  administrations,  evaluating  how different  levels  of 
technology integration and organizational readiness explain variation in building permit outcomes. In doing 
so, this paper provides a robust framework for municipal administrators, urban planners, and software 
developers  seeking  to  optimize  regulatory  review  processes  and  ensure  safer,  more  resilient  built 
environments.

The remainder of this paper is structured as follows. Section 2 establishes the theoretical framework, 
reviewing the evolution of automated compliance checking and organizational maturity models in public 
administration. Section 3 conceptualizes and operationalizes the key variables of permit accuracy and 
automation  maturity.  Section  4  outlines  the  research  design,  data  collection  methods,  and  analytical 
techniques. Section 5 presents the empirical results, including comparative analyses and discussion of 
implementation barriers. Finally, Section 6 summarizes the findings, discusses policy implications, and 
outlines future research pathways.

2. Theoretical Framework and Background

To understand how automated tools affect municipal administrative outcomes, it is necessary to examine 
the history of digital plan submission and the socio-technical theories of technology implementation. This 
section traces the shift from physical to digital workflows and examines the theoretical principles that govern 
public sector digital maturity.

2.1 The Evolution of Automated Compliance Checking

The structural engineering and architectural domains have undergone several waves of digitization. The 
transition from physical drawing boards to computer-aided drafting in the late twentieth century improved 
drafting speed but preserved the fundamentally manual nature of plan review. Reviewers still examined flat 
lines, text, and hatches, translating physical measurements into code compliance determinations. The true 
paradigm shift emerged with Building Information Modeling, which represents building elements as object-
oriented components with semantic properties [6]. For example, a wall in a Building Information Modeling 
file is not represented merely by two parallel lines but as a defined entity with physical dimensions, material 
layers, thermal ratings, and structural roles.

This semantic richness enabled the development of automated compliance checking systems. Researchers 
established that building codes could be translated from natural language into computer-interpretable logic 
[7].  Early  efforts  relied  on  hard-coded  rules  within  proprietary  software,  which  lacked  scalability  and 
transparency.  Over the past  two decades,  researchers have developed open standards,  such as the 
Industry  Foundation  Classes,  to  support  vendor-neutral  compliance  checking.  Current  state-of-the-art 
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systems employ rule-based reasoning, semantic web technologies, and natural language processing to 
extract regulatory requirements directly from textual building codes and map them to structural models [8].  
Despite these technical advances, exporting data from native design applications to open standard formats 
often  results  in  semantic  mapping  errors  and  data  losses,  introducing  accuracy  challenges  before 
automated checking even begins [9].

2.2 Maturity Models in Public Sector IT

Introducing  automated  checking  tools  into  municipal  operations  requires  a  supporting  administrative 
environment.  Technology implementation in public organizations is rarely a plug-and-play process. To 
evaluate a government organization's readiness for digital tools, scholars adapt capability maturity models 
originally developed for software engineering [10]. These models view organizational capability as a path of 
stages, ranging from ad-hoc, uncoordinated activities to highly optimized, self-improving workflows.

In municipal administration, digital maturity models evaluate multiple aspects of the technological ecosystem 
[11].  These include the presence of  standardized workflows,  data exchange protocols,  staff  technical 
capabilities, and leadership support. The virtual state theory suggested that when information systems are 
introduced into bureaucratic agencies, the technology is reshaped by institutional patterns, power dynamics, 
and embedded habits [12]. Thus, an advanced automated checking software tool introduced into a low-
maturity municipality may be used simply to generate digital files that are subsequently printed and reviewed 
manually. Socio-technical systems theory supports this view, emphasizing that structural productivity is 
maximized only when technological design is co-optimized with the social and organizational characteristics 
of the work environment [13]. Therefore, municipal automation maturity acts as a critical mediator that 
determines whether automated compliance checking translates into enhanced permit accuracy.

3. Defining Permit Accuracy and Automation Maturity

To investigate the relationship between technology, organizational capability, and regulatory outcomes, we 
must clearly define and operationalize our key variables: permit accuracy and automation maturity.

3.1 Defining and Measuring Permit Accuracy

Permit accuracy in municipal building approvals refers to the degree of alignment between the approved 
design documentation, the actual applicable building codes, and the final constructed physical asset [14].  
In a perfectly accurate permit process, every design aspect approved by the municipality complies with 
local, regional, and national safety, environmental, and spatial rules, leaving no room for design deviations 
that violate code. In practice, permit inaccuracies present in several ways:

- Code Omission: Reviewers fail  to identify design elements that violate critical safety codes, such as 
inadequate egress width or insufficient structural reinforcement.

- Over-regulation: Reviewers apply outdated or non-applicable standards, leading to unnecessary design 
changes, project delays, and inflated construction costs.

- Computational and Spatial Misalignment: Approving plans with incorrect spatial coordinates or boundary 
setbacks, causing zoning violations and encroachment on public property.

-  Data  Inconsistency:  Approved  architectural  drawings  contradict  structural,  mechanical,  or  electrical 
drawings within the same permit package.

Historically,  measuring  permit  accuracy  was  challenging  because  municipal  files  are  rarely  audited 
systematically post-approval unless a major failure occurs. To operationalize permit accuracy, this study 
utilizes metrics derived from post-approval audit reports, field inspection correction notices, and design 
amendment requests [15]. A high rate of correction notices issued during physical field inspections indicates 
that code violations were overlooked during the initial plan review process, pointing to low permit accuracy.

3.2 Dimensions of Municipal Automation Maturity

Automation maturity is conceptualized as a multi-dimensional construct. Municipalities do not progress 
along  a  single  technology  axis;  rather,  they  develop  capabilities  across  several  distinct  dimensions 
simultaneously [16]. We identify four core dimensions of municipal automation maturity:
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- Technical Infrastructure: The hardware, network bandwidth, cloud computing capabilities, and software 
integrations available to the department. This includes the ability to ingest, store, and process large model 
files and coordinate spatial layers across geographic information platforms.

- Process Standardization: The extent to which administrative workflows are formalized, documented, and 
consistently executed. High process standardization ensures that different reviewers follow identical steps 
and that rules are translated into automated checks without ad-hoc deviations.

- Human Capability and Culture: The technical skills of plan reviewers, their comfort level with spatial data 
and computerized checking engines, and the institutional openness to automated decision support. It also 
encompasses the training programs provided to bridge the digital divide among staff.

- Data Governance and Interoperability: The policies governing data quality, metadata standards, security 
protocols, and compliance with open data formats. High-maturity municipalities utilize open standards to 
avoid proprietary vendor lock-in and ensure seamless data sharing across departments.

These dimensions form the basis of a municipal maturity scoring framework. By assessing each dimension, 
we can categorize municipalities into developmental tiers, ranging from basic manual operations to fully 
integrated, adaptive automated ecosystems.

4. Methodological Framework

This study employs a mixed-methods research design to analyze the interactions between automated 
compliance  checking,  automation  maturity,  and  permit  accuracy.  We  combine  quantitative  data  from 
municipal administrative databases with qualitative assessments of organizational maturity across thirty-five 
distinct municipal building departments.

4.1 Sample Selection and Data Collection

The  sample  consists  of  thirty-five  municipal  building  authorities  representing  diverse  demographic, 
geographic, and economic profiles. To ensure variability, the sample includes small municipal districts, mid-
sized urban centers, and major metropolitan jurisdictions. Data collection was conducted over a twenty-four 
month period, capturing both historical operational records and prospective software implementation data.

To measure municipal automation maturity, we conducted semi-structured interviews with chief building 
officials, information technology directors, and senior plan examiners. These qualitative inputs were cross-
referenced with internal system documentation, workflow maps, and procurement records to score each 
municipality on a scale of 1.0 to 5.0 across the four dimensions of maturity.

Permit accuracy was measured using a retrospective review of building permits issued for commercial and 
multi-family residential structures. For each municipality, we randomly sampled fifty permit packages issued 
during the study period. We analyzed the corresponding plan review files, initial submission revisions, and 
subsequent field inspection logs. Permit accuracy was operationalized primarily through the inspection 
discrepancy rate, defined as the average number of code compliance issues identified by field inspectors 
that should have been caught during the plan review stage [17]. Additionally, we calculated processing 
efficiency metrics, such as the total plan review duration and the number of review cycles required prior to 
permit issuance [18].

Table 1 outlines the characteristics and average maturity scores of the surveyed municipalities, categorized by their 
administrative size.

Table 1: Profile and Maturity Metrics of Surveyed Municipalities

Municipalit
y Class

Sample 
Size

Average 
Population 

Served

Technical 
Maturity 
Score

Process 
Standardiz
ation Score

Human 
Capability 

Score

Data 
Governanc

e Score

Overall 
Maturity 

Score

Small 
Municipal 
Districts

10 45000 1.8 2.1 1.9 1.6 1.85

Mid-Sized 
Urban 
Centers

15 220000 3.2 3.4 3.1 2.9 3.15

Major 
Metropolitan 
Cities

10 1450000 4.6 4.5 4.2 4.1 4.35

4.2 Automated Compliance Checking Integration Model
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To conceptualize how automated compliance checking systems operate within a municipal IT infrastructure, 
we analyze the data flow from initial model submission to final permit issuance. The integrated checking 
architecture  consists  of  several  consecutive  stages  that  process  incoming  building  designs  against 
regulatory databases.

Figure 1 provides a schematic of the automated compliance checking integration mechanism within municipal building 
approval systems.

Figure 1: Comprehensive Schematic of Automated Compliance Checking Integration in Municipal Building Approvals

The integration model shown in Figure 1 relies on the seamless ingestion of Building Information Modeling 
data, which is parsed and mapped to building code rules. These rules are stored in a computer-readable 
database, enabling the compliance checking engine to flag potential violations automatically. Crucially, the 
system includes a manual override and review loop, allowing human plan examiners to interpret complex 
spatial relationships or apply exceptions that cannot be fully captured by automated algorithms. The final 
output is an annotated compliance report and a structured data feed that updates the municipal permit 
tracking system.

5. Results and Discussion

The empirical findings reveal a strong, non-linear relationship between municipal automation maturity, the 
utilization of automated compliance checking, and the accuracy of issued building permits.

5.1 Explaining Permit Accuracy Through Maturity Levels

The quantitative analysis shows that higher automation maturity is associated with lower field inspection 
discrepancy rates. In municipalities operating at low maturity levels, plan reviewers rely primarily on paper 
or flat digital plan submissions, with zero automated checking tools. These jurisdictions exhibited the highest 
average error  rates and the longest  processing times.  Conversely,  high-maturity  municipalities,  which 
employ advanced automated rule engines and possess robust organizational readiness, demonstrated high 
permit accuracy and streamlined approval times.

Table 2 presents a comparative analysis of permit performance metrics across different maturity levels.

Table 2: Comparative Analysis of Permit Accuracy and Processing Efficiency Across Maturity Tiers

Maturity Level
Average 

Technical Score

Average 
Inspection 

Discrepancies 
Per Project

Average Review 
Cycles Required

Average Plan 
Review Duration 

Days

Compliance 
Consistency 

Index

Level 1 Ad-hoc 1.5 8.4 4.2 58.3 0.42

Level 2 Defined 2.5 5.1 3.1 42.1 0.59

Level 3 Managed 3.5 2.8 2.2 24.5 0.76

Level 4 Advanced 4.5 1.1 1.4 11.2 0.91
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Maturity Level
Average 

Technical Score

Average 
Inspection 

Discrepancies 
Per Project

Average Review 
Cycles Required

Average Plan 
Review Duration 

Days

Compliance 
Consistency 

Index

Level 5 
Optimized

4.9 0.3 1.1 4.8 0.98

The data in Table 2 illustrate that as a municipality transitions from Level 1 to Level 5, the average inspection 
discrepancy rate drops from 8.4 to 0.3 discrepancies per project. Concurrently, the average plan review 
duration decreases from 58.3 days to just 4.8 days, demonstrating the dual benefits of automation on both 
regulatory rigor and administrative efficiency.  The compliance consistency index,  which measures the 
uniformity of code application across different plan reviewers within the same municipality, increases from 
a low of 0.42 at Level 1 to a near-perfect 0.98 at Level 5, indicating that automation effectively eliminates  
individual subjective bias [19].

5.2 The Mediating Role of Automated Compliance Checking

Simply adopting automated compliance checking software does not guarantee high permit accuracy. Our 
regression analyses indicate that automated compliance checking acts as an explanatory variable for permit 
accuracy, but its effect is mediated by the municipal automation maturity level.

When a Level 2 municipality implements an advanced automated checking tool, the initial result is often an 
increase in plan review times and a marginal  improvement in accuracy. Interviews with staff  in these 
jurisdictions revealed that because the underlying workflows are not standardized and the data files are 
poorly structured, the automated engine generates a high volume of false positives and system errors. 
Reviewers, lacking trust in the software, often duplicate the process by conducting a complete manual 
review of the plans, thereby neutralizing the efficiency gains of the automated system.

In contrast, Level 4 and Level 5 municipalities have established data validation protocols, structured training 
programs, and open standard requirements. In these organizations, the automated compliance checking 
engine operates with high reliability. The software automatically handles routine verification tasks, such as 
fire rating distances, spatial egress routes, and zone boundary setbacks [20]. This allows human plan 
examiners to focus their expertise on complex structural engineering designs, qualitative aesthetic criteria, 
and unique variance requests. This balanced division of labor minimizes human cognitive fatigue, which is 
a primary driver of plan review errors, and ensures that critical safety codes are never omitted.

5.3 Administrative and Socio-Technical Barriers to Adoption

Our findings highlight  that  the primary  barriers  to  achieving high  permit  accuracy through automated 
checking are organizational and cultural rather than technological. This alignment problem is typical of 
technology  diffusion  in  public  sector  bureaucracies  [21].  We  identified  three  primary  categories  of 
implementation barriers:

- Bureaucratic Inertia and Professional Autonomy: Senior plan reviewers often resist automated checking 
systems, viewing them as a threat to their professional judgment and institutional influence. Some express 
concern that automated checking represents a black box whose internal  decision logic is hidden and 
unalterable.  To overcome this,  municipal  administrations must  involve end-users  in  the  translation of 
physical codes to digital rules, ensuring transparency and building system trust [22].

- Digital Divide in Design Submissions: The successful deployment of automated compliance checking 
assumes  that  the  design  community  submits  high-quality,  semantically  accurate  Building  Information 
Models. However, many small-scale developers, local architects, and contractors lack the resources to 
produce compliant spatial models. Municipalities that mandate automated submissions without providing 
clear guidelines, templates, and validation portals run the risk of excluding local businesses and facing 
intense political backlash.

- Inter-departmental Data Silos: Building approvals require coordination across multiple municipal entities, 
including planning, public works, environmental services, and fire safety. In low-maturity municipalities, 
these departments operate on isolated, incompatible software programs. An automated checking system 
implemented solely within the building department will stall if it cannot access spatial data from public works 
or zoning databases, underscoring the necessity of integrated data governance.
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Addressing these barriers requires a holistic approach that views digital transformation as a socio-technical 
process.  Municipalities must  invest  in  comprehensive change management  strategies,  establish inter-
departmental data sharing agreements, and develop public-facing education programs to help the local 
construction industry transition to digital submission standards.

6. Conclusion and Future Directions

This study has investigated how automated compliance checking and municipal automation maturity explain 
permit accuracy in building approval processes. By analyzing quantitative and qualitative datasets across 
thirty-five municipal authorities, we have demonstrated that the deployment of automated plan review tools 
significantly improves regulatory compliance and administrative efficiency. However, the success of these 
technological  interventions  is  contingent  upon  the  broader  automation  maturity  of  the  municipal 
organization. Simply purchasing advanced checking software yields limited benefits unless supported by 
standardized  workflows,  technical  training,  robust  data  governance,  and  an  institutional  culture  that 
embraces collaborative digital processes.

Our empirical findings have important policy implications. For local governments, they suggest that digital 
transformation strategies must prioritize organizational capacity building and data standard conformance 
over raw software acquisition. Municipalities should conduct detailed maturity audits prior to investing in 
automated engines to identify structural bottlenecks and align their administrative workflows. Furthermore, 
federal and state regulatory bodies should support these efforts by establishing standardized, machine-
readable building codes, which would greatly lower the cost of rule translation for individual municipal  
districts.

Future research should focus on expanding the scope of automated checking systems to incorporate 
artificial intelligence and machine learning models. Integrating natural language processing would allow 
compliance systems to dynamically interpret text-based building code changes, reducing the need for 
manual programming. Additionally, examining how cloud-based automated checking portals can be shared 
across multiple small municipalities could provide a cost-effective pathway to digital maturity for under-
resourced jurisdictions. By continuing to bridge the gap between technical capability and organizational 
design, researchers and practitioners can build a faster, more transparent, and highly accurate regulatory 
framework for the global construction industry.
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