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Abstract

The digitalisation of building permit processes is a driver for greater efficiency, transparency, and
quality in urban development and regulatory management. Yet, public authorities face substantial
challenges in assessing digital readiness and laying practical, incremental pathways for
transformation. Existing maturity models, while helpful in related domains such as information
technology and e-government, often lack the granularity and domain-specific focus necessary for the
unique organisational, technical, and informational complexities of digital building permit systems.
A maturity model for digital building permit is validated in this study through broad expert
collaboration, empirical testing, and iterative refinement within the European Network for Digital
Building Permit (EUnet4DBP). The model is structured around four key dimensions: process,
organisation, technology, and information. It incorporates detailed key maturity areas and sublevels
to digital maturity assessment. Two validation methods were used: first, the maturity model was
tested against a large dataset of interviews and mapped processes from multiple European
municipalities; second, it was applied in a guided trial by the City of Vienna’s building permit
authority. The results demonstrate that the obtained maturity model enables consistent maturity
assessment and facilitates strategic planning for digital transformation of building permit processes.
The framework provides municipal authorities with a practical tool for self-assessment by supporting
the development of interoperable and digital permitting processes across diverse municipal contexts.

Keywords: maturity model; digital building permit; digital transformation; digital maturity; public
administration

1. Introduction

The digitalisation of building permits has been widely investigated in recent years (Noardo et
al.,, 2022; Beach et al., 2024; Noardo, Fauth, 2024). A common highlight among such experiences, in
research and in practice, is the difficulty of building authorities to understand and manage the overall
issue, considering the variety of aspects involved, and to orient themselves across the solutions to
formulate a suitable plan for the digital transition in practice, adapted to their needs.

Maturity Models are key tools for evaluating digital transformation across a wide range of
sectors including government, business, and infrastructure. In the context of digital building permits,
these models can offer structured frameworks to help authorities understand where they stand in
their digital journey and identify how to move forward. As Wendler (2012) notes, maturity models
have evolved significantly, and their structured approach is valuable for identifying improvement
areas and setting milestones for development. For building permit systems, they could span a wide
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spectrum, from basic digitisation efforts to the integration of advanced technologies like Building
Information Modelling (BIM) and Geographic Information Systems (GIS).

To navigate the complexities of digital transformation in building permits, municipalities benefit
from structured frameworks that not only assess current capabilities but also provide clear pathways
for advancement. Maturity models serve this purpose by offering a systematic approach to evaluate
processes, technologies, and organizational structures. They enable stakeholders to identify specific
areas for improvement, prioritize initiatives, and monitor progress, as well as drawing a roadmap to
guide, plan and report developments. In the context of digital building permits, maturity models can
guide authorities through the stages of digitalization, from initial adoption to full integration of
advanced technologies like BIM and GIS.

Some examples of digital building permit maturity models were developed in the past (Braholli
et al, 2023) (Section 1.1), but they are often covering only one or few aspects or domains which are
interrelated with others in the building permit digitalisation topics (e.g. building information
modelling and design, regulations management, geoinformation management, checking tools,
business and organisational aspects). In other cases, the maturity models are intended to represent
the overall issue, but they are kept to a very high level. It is good to have a very synthetic indication
of the maturity achieved, but it is hardly applicable in practice as a tool to assess the progress towards
digitalisation at a granular level, and to support further integrations.

Building on existing examples, this paper aims to develop a digital building permit maturity
model that has strong support from stakeholders and can be used as a practical tool to guide
digitalisation, starting with a clear assessment of where organisations currently stand.

The resulting maturity model is a valid reference for building authorities to assess the digital
maturity of their building permit process and guide them through feasible implementations. More
accurate and granular insights into the building permit digital maturity across countries and different
cases will also become possible, as a guide for investments and developments.

In this paper, Section 1.1 reports the state of the art about maturity models for digital building
permitting, which is also an essential base for the methodology followed. Section 1.2 reports more
details about the maturity model for digital building permits which was developed within the CHEK
project (2022), the most mature example, selected as a reference to be further improved and validated
within this study. Section 2 describes the methodology followed and Section 3 reports the results of
the validation activities as well as the final maturity model, integrating the improvements and
feedback.

1.1. State of the Art on Digital Building Permit Maturity Models

Studies (e.g., Shahi et al., 2018) point to widespread inefficiencies in traditional and partially
digital processes. The case of Toronto reveals that manual workflows, inconsistent interpretations of
codes, and isolated communication severely delay project approvals. Similarly, international
comparison with the Israeli system accentuates the value of standardised digital procedures in
improving permitting speed, clarity, and fairness (Fauth et al., 2023). Such inefficiencies lead to
increased cost and reduced public trust, further highlighting the need for structured digital
transformation.

Significant advancements in the digitalization of Building Permit Processes have been achieved
through initiatives like Finland's RAVA3Pro project (2023) and Estonia's e-construction portal (Parn
et al. 2022; Lavikka & Kallinen, 2024; Jakobson, 2019).. Nonetheless, despite the clear advantages of
digital transformation, building authorities still face numerous barriers. Interoperability problems,
legacy IT systems, limited digital skills, and regulatory ambiguity contribute to the slow pace of
change (Noardo et al., 2022; Méda et al., 2024). Financial constraints and resistance to change within
organisational culture also pose significant hurdles, particularly in smaller municipalities. Tied with
public policies, technical standards need to be effectively harmonised with local procedures and legal
frameworks (Urban et al., 2024). Moreover, beyond technology, digitalisation demands a cultural
shift, occasionally requiring new ways of thinking, new skills, and new roles. For many
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municipalities, particularly smaller ones, the resources to support this transition are scarce, making
the path forward even more challenging.

The literature underscores the importance of Maturity Models in facilitating this digital
transformation (Ochoa-Urrego and Pena-Reyes, 2021). Kafel et al. (2021) developed a
multidimensional digital maturity model for public sector organizations, emphasizing dimensions
such as digitalization-focused management, digital competencies of employees, and openness to
stakeholders' needs. These models not only provide a benchmark for current practices but also help
in aligning technological advancements with organizational goals and regulatory requirements.

Furthermore, to be effective, maturity models must be grounded in integrated conceptual
frameworks that reflect the realities of the domain they are meant to assess. For example, Hjelseth
(2013), in the “L+I+C model” emphasises the interconnectedness of legal, informatics, and
construction aspects. This approach recognises the complexity of digital permitting, where
technological systems need to work in relation with organisational procedures and regulatory
structures. Building on this, Shahi et al. (2019) proposed an automated, BIM-based e-permitting
system that demonstrates how digital tools can improve permit workflows, reduce errors, and enable
better compliance through structured information management. Such approaches highlight the
importance of aligning digital tools with both procedural and legal framework to avoid conflicts and
inefficiencies.

Despite the widespread use of maturity models in related domains, such as the Capability
Maturity Model Integration (CMMI) in Information Technology, the Cyber Assessment Framework
in public administration, and the GovTech Maturity Index in digital governance, there remains a
striking lack of a model specifically designed for the digital building permitting context (CMMI
Institute, n.d., National Cyber Security Centre, 2022; World Bank, 2022). The existing models are often
too generic or too focused on individual aspects, such as IT infrastructure or management processes.
They typically don’t account for the specific interplay of legal, organisational, technological, and data-
centric challenges that permitting authorities face. As a result, they fail to offer meaningful guidance
or benchmarks for practitioners operating in this highly specialised field. This gap indicates a
critical need for domain-specific tools that consider both operational realities and strategic objectives.

The Technology—Organization-Environment framework (Baker, 2011), which has been applied
in the ACCORD project (2022), is a helpful step toward understanding broader drivers of adoption.
It offers a balanced view of the technical, organisational, and contextual factors at play. However, it
remains too high-level for accessible implementation planning. Similarly, the Common Assessment
Framework (European Institute of Public Administration, 2020) provides useful quality management
guidance for the public sector, but it does not address the unique technical and regulatory
requirements that digital building permit entails.

Recognising these gaps, Fauth et al. (2024) developed a taxonomy for organising knowledge
within the building permit domain. This taxonomy offers a clear structure for categorising the various
components and stakeholders involved, which is crucial for comparing systems across jurisdictions
and for communicating clearly among professionals. When used in conjunction with a maturity
model, it adds conceptual clarity and consistency. However, while taxonomies structure
understanding, they do not guide action and a robust maturity model is still required to turn this
knowledge into a practical transformation roadmap. In particular, integrating taxonomies with
maturity models allows authorities to prioritize interventions and allocate resources more effectively.

That was the aim of the CHEK Maturity Model (Ataide et al. 2023a), developed within the CHEK
project (Section 1.3) and evolving in this study through the collaboration within the European
Network for Digital Building Permit (EUnet4DBP, 2020). It was the first model built on purpose for
digital building permits. The maturity model developed in the CHEK project, following the digital
building permit taxonomy, breaks the digital transformation journey into four main dimensions:
process, organisation, technology, and information. Each dimension is further divided into key
capability sets and maturity levels, allowing for a granular, incremental approach to transformation
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(Ataide et al., 2023b). The model is grounded in real-world practice and includes built-in mechanisms
for feedback and adaptation, making it not just descriptive but actionable.

Providing such a comprehensive model requires balancing theory and practice. It must
incorporate technical standards, like the buildingSMART Industry Foundation Classes (IFC) and the
OGC CityGML, while remaining compatible with the varied legal, technical, and organisational
landscapes of municipalities across Europe (Urban et al., 2024; Aguiar et al., 2019).

1.2. The CHEK maturity model

The maturity model developed in CHEK (Ataide et al., 2023) is a structured framework designed
within the CHEK project to serve as both an assessment and a planning tool. The model aims to
evaluate the digital maturity of existing processes, identify areas for improvement, and leads to a
roadmap, suggesting a strategic path for evolving from traditional workflows to fully digital and
integrated systems, especially leveraging the CHEK results and tools. This ensures municipalities can
prioritize actions based on their current needs, available resources, and long-term goals.

The CHEK maturity model is divided into four main ‘Categories”: process, organization,
technology and information, divided, in turn, into ‘Capability sets’, each of which contains several
‘Key Maturity Areas’ (KMAs). The ‘Process’ category assesses workflows, integration, and
standardization within the building per process, evaluating the completeness of task mapping,
automation, and transparency. The ‘Organization’ category assesses the municipality's maturity for
digital transformation, including leadership commitment, staff alignment, and organizational
culture, and considers the presence of dedicated personnel, training programs, and strategic vision.
‘Technology’ evaluates the supporting software infrastructure, such as document management
systems, submission and communication platforms, as well as interoperability of digital tools. Lastly,
‘Information’ category focuses on data quality, data governance, and data management, assessing
standards, accessibility, and regulatory compliance (Figure 1).

CATEGORY DESCRIPTION CAPABILITY SET DESCRIPTION

This covers the overall workflow, steps, and methodology of the permitting process. It looks at

11 Process and Methods how well the process is defined, mapped, understood and followed by all stakeholders
izﬂ?ﬁsizzmﬁ:ﬁ:m; perrr::ﬂ;\g This focuses on how standardized the process is to regulations and codes. It involves having
1 PROCESS methods, and overall understanding of how tho 12 Regulatory benchmarks, indicators, quality controls, and standardized procedures to ensure regulatory
compliance
process flows.
This looks at the accessibility, transparency, timelines and overall ease of use of the permitting
1) Procedure process for stakeholders. It involves clear communication, tracking, and efficient flows of
information.
This focuses on the izati and human i to adopt new digital technologies
24 Readiness for changes  and pi It looks at to change, infi e, and strategic planning for
dlglta| transformation
Covers upoﬁs related to the organisational e This covers how the izati its d teams, training, and personnel
2 ORGANISATION structure, capabilities, readiness for change, and 25 Orgamsil;or;anlsslruclure di to i ing digital tech jes like BIM. It involves strategic planning,
the people involved. Y ise, and k
This looks at the overall and level of expertise of the staff and
26 Social aspect involved in the permitting process. It involves ing skills, sharing ge, and
building competencies.
This focuses on the systems used to store, submit, communicate, and manage data
37 jlectoioyjiocats throughout the permitting process. It ranges from fully paper-based to integrated digital
management
platforms.
Deals with the various technologies utilised
3 TECHNOLOGY throughout the permitting process for data 38 Technology for data This covers the technologies available for validating, visualizing, analyzing and checking
ificati isualisati analysis project data for regulatory compliance and quality control
analysis, and exchange.
39 Interoperability and open  This looks at how capable the technologies are at i ing and ing data across
format different formats, platforms, and systems involved in the process.
410 Data standardisation and This focuses on having guideli protocols, and dards in place to ensure high quality,
quality standardized data. It involves monitoring quality control and refinement of standards.
Focuses on the data standards, formats, . - - . -
2 g a A 5 B This focuses on the types of data utilized throughout the permitting process, including both the
4 INFORMATION mgx;lf:co:; and overall information used within a1 Data and information building/intervention design data and the city context data
412 Codes and regulation ;fhls looks at how digitized, accessible, and machine-readable the cLodes and regulations are
t ranges from paper to fully p. and i d rule d

Figure 1. General structure of the CHEK maturity model.

The KMAs are the lower level of the maturity model, in which the assessment occurs. Each KMA
is scored on a six-level maturity scale from Level 0 (Non-Existent) to Level 5 (Optimized), which
indicates the progression from basic to advanced digital maturity (Figure 2). The model incorporates
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dependencies between different Key Maturity Areas, ensuring that foundational elements are

developed before moving to more advanced capabilities in a logical and achievable progression.

PROCESS
Level 5
Level 0 Level 1 Level 2 Level 3 Level 4
e= bl Non-Existent Initial Defined Managed Integrated ﬂ':gm':'fs"eg
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18,6 Timelines pnd respense time

1.3.7 Accassibilty of stakeholders
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Figure 2. Example of maturity levels per Key Maturity Area, under the ‘Process’ category.

Once the assessment is ready, the model can lead to a roadmap based on the state of the art
maturity and the desired maturity levels. To ensure the CHEK maturity model practical applicability,
an initial validation was performed during structured workshops within the four CHEK pilot
municipalities (Ascoli Piceno - Italy, Prague - Czech Republic, Lisbon and Vila Nova de Gaia -
Portugal), as well as asking for feedback to the advisory board and community of practice, involving
additional building authorities and actors.

This phase of testing (CHEK Project, 2024) was done by expert-led semi-structured interviews
to municipality employees skilled in building permit processes and digitalization strategies. A set of
questions were created to assess the current maturity of their permitting processes, using the CHEK
maturity model as a reference framework. As well as to evaluate the applicability of the CHEK
maturity model, gather feedback, and identify areas needing refinement.

The online interviews, lasting two hours, followed a structured format to ensure consistency and
comparability of results. A detailed questionnaire of 35 questions was used to guide the assessment.
The answers gave material to fill the CHEK maturity model areas and evaluate the state of the art of
building permit digital maturity of the municipalities. The questions were grouped into six themes
to ensure clarity and minimize overlaps: Process and standards (how building permit processes are
structured, mapped, standardized); Data management and standards (governance, quality control,
data formats); Stakeholders’ integration and interaction (extent to which stakeholders are connected,
communication methods, level of collaboration across parties); Organization and internal
infrastructure (organizational readiness, digital infrastructure, strategic alignment of resources and
goals); Checking (checking procedures, digital tools); Legislation (compliance with regulatory
requirements, accessibility of legal documentation). Follow-up questions were included where
appropriate to clarify responses or explore relevant details.

After the interviews, experts filled the maturity models based on the answers received. To
decrease subjectivity, a level was considered as fulfilled only if all its content was true. For example,
if a municipality had partially mapped processes but lacked documentation, it was categorized at a
lower maturity level than the one implying both process mapping and documentation in place.

In a subsequent testing phase (CHEK Project, 2025b), municipalities used the CHEK Virtual
Assistant (CHEK Project, 2025a), a digital tool that incorporates the CHEK maturity model. The
assistant allows municipalities to assess their building permit maturity automatically, using process
information they have mapped themselves.

The challenges identified during testing and interview feedback helped improve and expand
the initial version of the CHEK maturity model. First, the high-level descriptions of KMAs were often
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too broad, leading to ambiguities in assigning maturity levels for non-experts. Second, although the
initial model was already detailed, it was still not granular enough to capture the levels of maturity
accurately, which affected objectivity. Maturity levels were therefore split into sublevels to improve
precision and usability. This was also useful to address another issue, namely, the representation of
characteristics that fell between levels, making it difficult to assign them to a single one. For example,
some processes were partially digitalized but lacked integration into a digital environment, but there
was only one level that addressed both aspects.

Sublevels divide each level into smaller, measurable components, enabling more precise
assessments and recognizing progress. This granulation also helps to provide a clearer and more
objective roadmap for municipalities to advance to higher levels of maturity (Figure 3). Progress
within a level is now assessed proportionally. For example, if a level has three sublevels and a
municipality achieves one, it is considered to have reached 33% of that level's maturity. Dependencies
between sublevels are limited to cases where foundational capabilities are required before advancing
(e.g., documenting process steps before integrating them into a digital system).

PROCESS
Level 0 Level 1 Level 2
cs KMA - b
Non-Existent Initial Defined
§ 8 H 21 - 3
g3 1.1.1 Understanding of the process ;0.1 -Pars Rl 45 wpraewa | 22-Process ool
g 3 and mapping of steps. : | documanted. process s defined
EE H 3 : : mums::mnmd“m '
8 . . H H b documented, providing a cear
1.1.1 Understanding of « T i undeorsta and - « T isma data al o . .
8s and mapping o seps 2 the process s notformaly magped. 3 T el ond publey mvala {Bsantendeg ol procseeiTiel:
S : ] : 8 H on intial stops. g
Level 0 Level 1 Level 2
CS KA Non-Existent Initial Defined

PROCESS

Figure 3. Example of sub-levels in the CHEK maturity model under the Process category The resulting Digital
Building Permit Maturity Model retains its original structure according to the four categories (process,
organization, technology, and information) but incorporates sublevels to reflect progress (Figure 4)(Braholli and

Ataide, 2025).
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Figure 4. Overview of the maturity model developed within the CHEK project .

2. Methodology

A key aspect of this study’s methodology is the collaboration among authors from diverse
backgrounds and areas of expertise, which strengthens the testing and validation of the maturity
model and supports its acceptance at the European and international levels. Such a working group
was constituted within the EUnet4DBP. The EUnet4DBP was established in 2020 with the goal of
fostering multi-stakeholders collaborations around the topic of digital building permits and finding
a larger consensus.

An essential first step of the methodology (Figure 5) was considering existing examples, on the
topic of digital building permitting and related domains (e.g., design data management, geospatial
data management, processed digitalisation) (Section 1.1). An analysis and comparison of the existing
examples was performed and discussed among EUnet4DBP experts (i.e., the authors). An agreed
version of the digital building permit maturity model, standing on up-to-date literature and examples
from recent studies and projects resulted from this phase. Such intermediate results, built in
particular on the maturity model for digital building permit developed in the CHEK project (Section
1.2), are not reported here. This one was further validated (with respect to clarity, comprehensiveness,
representativeness and user-friendliness) against a huge corpus of interview data about the building
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permit process in Europe (Section 2.1) and by testing its autonomous (although assisted) use by
stakeholders in the City of Vienna (Austria) (Section 2.2) as an example case. The results of the
evolution of the maturity models are presented in Section 3.

A final step was the integration of all the feedback collected to provide a final validated version
of the Digital Building Permit Maturity Model.

Define an agreed Digital Building Validate clarity , comprehensiveness,
Permit Maturity Model representativeness, user-friendliness

Section 1.1 Section 1.2 Section 2.1 Section 2.2 Integrate
- - feedback from the
T f D I Te f D |
e Consensus over a est of Digita est of Digita
on Digital
Building Permit

Maturity Models

Digital Building Building Permit Building Permit tests and provide a
Permit Maturity maturity model by maturity model by validated maturity
Model from experts, against building permit model for Digital
literature review data from building stakeholders, to
permit process assess their own
investigation case

Building Permits

Figure 5. Methodology followed to develop a validated model for Digital Building Permit.

2.1. Test of the Agreed Maturity Model Against Interviews on Building Permit Process Data

To test the effectiveness of the maturity model, it was important to apply it to a wider range of
building authorities and building permit processes beyond those CHEK. This helped assess how well
the model reflected real practices and whether its maturity levels were clear and easy to use in
practice.

To address this, we leveraged the data collected by part of the authors within a deep
investigation of the current building permit processes over Europe, by means of a high number of
interviews across several countries (Fauth et al., 2025; Fauth et al., 2024). These are used in this paper
to validate the maturity model with respect to adherence to the current processes” description needs
across diverse cultures, legal systems and institutional specificities. This is a relevant step which was
never made before, as maturity models for digital building permits are mostly developed as academic
studies.

The collected interviews were selected to include different levels of digitalisation and building
permit processes, besides defining a balanced sample in terms of geographical distribution and
diversity in the jurisdiction size of the authority responsible for the building permit process. Finland
and Estonia were selected due to their pioneering role in the building permit process digitalisation.
Montenegro was selected as it has only one authority responsible for building permitting in the whole
country. Sweden has some unique particularities related to processes, meaning that technical review
is performed by the technical inspector that also performs on-site inspections. The UK differs in
having the planning permitting and building control approvals (technical) separated and conducted
by different departments. The aim was to analyse the interviews of different sized authorities. We
categorised our interviews by the size of the authority jurisdictions, the small ones having less than
50.000 inhabitants, medium between 50.000 and 500.000 and large ones either bigger than 500.000 or
capital city authority. From Finland, we used a small authority, for Sweden medium sized and for
Estonia a large one. Montenegro has only national authority and for the UK we used an interview
with the building control department, which is categorised as large.

The transcripts of the selected interviews (collected in the independent study by Fauth et al.,
2025) were manually cross examined against the maturity model matrix. The fact that the interviews
were conducted without the reference or guidance by the maturity model makes the validation
independent of the model, and is therefore not biased. However, a lot of information in the interviews
is not related to the maturity of building permit systems.

The first aim of the validation was to match the maturity model categories with the information
in the interviews answers. Such matches were considered as a validity proof for the identified model
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categories. However, as the interviews were not guided by the maturity model, the direct matches
were few. The matches were marked in the transcripts, associating the corresponding maturity model
category information. Finding the direct matches was not the only and also not the most important
aim.

In addition to finding the direct matches, more complex insights from the interviews were
considered and classified in three kinds of feedback. The first of them was finding out what changes
need to be applied in the maturity model. What can be found out from the interviews, for example,
are the changes related to the ambiguities in the categories definitions. Second, some categories had
to be added, corresponding to the information in the interviews that relates to the maturity of
building permit systems but did not have a corresponding category in the maturity model. A final
case regards the need to consider additional, less defined, aspects or topics, deserving dedicated
discussion or which should be considered in future studies.

2.2. Test of the Agreed Maturity Model by Building Authority (City of Vienna)

In parallel, further testing of the achieved maturity model by interviewing building permit
authorities, inviting them to use the model directly, allowed testing further its contents as well as its
usability in terms of user-friendliness. This step was performed with authorities within the city of
Vienna.

To ensure that the assessment was as objective and neutral as possible, a city that was not part
of the previous studies and projects and which had an advanced digitalization strategy was selected,
so that as many stages of the model as possible could be tested in practice. The city of Vienna was
chosen due to its already extensive experience in the digital transformation of administrative
processes through the European BRISE-Vienna project (2022). This combination of independence and
digitalization expertise provided ideal conditions for validation. The survey took the form of a
guided/table-assisted expert interview with the head of the City of Vienna's Department for
Technology, Digitalisation and Innovation. The interview was conducted by the Vienna University
of Technology, which was not directly involved in the CHEK project. This allowed a largely unbiased
perspective on the maturity model to be evaluated. To ensure a thorough understanding of the model
and related questionnaire intended to guide the filling, the interviewer received detailed instructions
from the CHEK research team in advance.

To validate and develop the model itself, the following adjustments were made prior to the
interview:

e Linguistic adaptation of the model

The maturity model was translated into German for the interview, with the original English text
retained in parallel, to immediately clarify any potential conflicts or ambiguity due to the translation.
The translation was carried out in a two-stage process: First, a machine translation was performed
using DeepL, which was later manually revised in terms of language and content.

e Comprehensibility assessment of the level descriptions

An additional column was added to the interview table to record the comprehensibility of the
individual maturity level descriptions. The interviewee rated each statement on a scale from 1 (very
easy to understand) to 5 (not understandable). There was also the option of adding explanatory
comments to document any potential misunderstandings or ambiguities.

e Assessment of the degree of fulfilment per sublevel

To enable a differentiated classification of implementation, another column was added to
indicate whether a sublevel had been fully, partially, or not achieved (later, the option “pilot phase”
was also offered). This differentiated feedback served not only for classification but also for
identifying potential areas for development.

The interview took place on two dates — December 13, 2024 (duration: 2.5 hours) and February
6, 2025 (duration: 1 hour), with a total duration of 3.5 hours.
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3. Results

3.1. Maturity Model Extension and Improvement - First Iteration

As a direct result of the analysis (Section 1.2), the maturity model underwent significant
refinement and extension. Several KMAs were confirmed as representative of current practice,
reinforcing their continued inclusion in the model. However, feedback also identified specific KMAs
and level descriptors that required revision to resolve ambiguities or ensure more logical progression
between levels. For instance, issues of level ordering (e.g., KMA 4.12.35, where Level 1 appeared more
advanced than Level 2), or difficulties differentiating between closely related statements (e.g., in
KMAs 3.8.22-3.8.26) were addressed by clarifying and granulating the descriptions, and, where
needed, breaking them into sublevels. This approach improves understandability and makes it easier
for users to accurately self-assess their maturity.

A significant improvement in the maturity model was the breakdown of maturity levels into
sublevels (Figure 6)(Braholli and Ataide, 2025), enabling a more granular and accurate representation
of incremental progress. For example, within a single maturity level, specific achievements (e.g.,
partial documentation versus full digital integration) could be credited proportionally, supporting
fairer assessment. This enhanced granularity resolved prior challenges with assigning maturity
where real-world practices did not fit completely into the original levels.

Figure 6. Digital Building Permit Maturity Model - Iteration 1: Granularisation.

3.2. Validation Step 1: The Maturity Model Against Existing Building Permit Data - Second Iteration

The results of the two validation activities (Sections 3.2 and 3.3) were analysed and integrated
into the final maturity model for digital building permit (Sections 3.2 and 3.3 respectively).

As a result of the first validation activity (Section 2.1), while the identified direct matches
between the maturity model levels and the interviewees answers were relatively few, the overall
analysis provided important confirmation of the model’s validity. More importantly, the interviews
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offered complex insights that informed changes, additions, and future considerations that were
integrated in an updated version of the model (Figure 7)(Braholli and Ataide, 2025).

TECNOLOGY
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ORGANISATION

INFORMATION

=

Figure 7. Digital Building Permit Maturity Model - Iteration 2: Quality and content improvement.

The validation confirmed the robustness of the main categories but also revealed areas requiring
refinement. Inconsistencies were identified in the differentiation of certain levels, like cases where
Level 1 appeared more advanced than Level 2, and ambiguities in sublevels (e.g., 3.8.22-3.8.26). These
definitions were revised to improve clarity, ease differentiation, and support more accurate
categorization. Several new aspects were identified as relevant and integrated into the maturity
model, including flexibility in employee specialization (2.4.10), the level of incentivization for
digitalization (2.4.14), and digitalisation in organisation management (2.4.15). These additions extend
the model’s capacity to assess organizational readiness for change by incorporating cross-
competence, strategies for digital adoption, and the maturity of internal processes.

The analysis also highlighted practical challenges. For instance, digital platforms sometimes
facilitate incomplete application submissions, increasing the number of pending applications. The
introduction of a pre-check phase was found to improve transparency, reduce errors, and enhance
overall application quality. Furthermore, discrepancies in equal treatment across municipalities were
observed, suggesting that greater transparency, process mapping, pre-checking, and automated rule-
checking could help harmonize practices, though some improvements would require changes at the
national regulatory level. Finally, the validation pointed to possible future extensions of the maturity
model beyond digitalisation, particularly in the areas of eco and green maturity, which could
represent a natural evolution of the framework.

3.2.1. Key Additions Based on Validation Feedback

The analysis also led to the addition of new Key Maturity Areas in response to gaps surfaced in
the interviews. Three new Key Maturity Areas were incorporated into the Organisation category:
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e Flexibility in Specialisation of Employees (2.4.10): Reflecting the increasing
need for adaptable, cross-competent teams as digitalisation advances

(Figure 8).
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; o L0.2 - Lack of engagement Ei sl Ty L1.3 - Minimal
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for digital initiatives
management level. lacks a strategy technologies.

Figure 8. Addition of KMA 2.4.10 ‘Flexibility in Specialisation of Employees’.

e Level of Incentivization for Digitalisation (2.4.14): Capturing how
organisations promote or discourage the adoption of new digital workflows
(e.g., BIM versus paper/PDF), and the persistence of parallel systems.

e Digitalisation in Organisation Management (2.4.15): Addressing the
automation of organisational processes, such as workload or territorial
distribution, through digital tools (e.g., GIS) (Figure 9).
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commitment.
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Figure 9. Addition of KMAs 2.4.14 ‘Level of Incentivization for Digitalisation” and 2.4.15 ‘Digitalisation in

Organisation Management’.

Some topics identified in the interviews (such as the complexity of content checks or the
challenge of equal treatment across municipalities) were considered to be more related to policy and
regulatory frameworks than to organisational maturity per se, and were marked for discussion as
possible future extensions to the maturity model.
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3.3. Validation Step 2: The Maturity Model Test by the Building Permit Authority in Vienna - Third
Iteration

The maturity model obtained by rediscussing the one resulting from CHEK was used to assess
the maturity of the building permit process in the City of Vienna (Section 2.2). Quantitative results
scoring the understandability of the model by autonomous average-level expert building authority
were collected (Section 3.3.1), while a more extended qualitative feedback (Section 3.3.2) was
provided to obtain a validated maturity model for digital building permit (Section 3.4).

3.3.1. Quantitative Evaluation About Understandability

Quantitative results of the test are based on the understandability scores given by the interview
partners. These scores were systematically evaluated, separated into the four central categories of the
maturity model: processes, organization, technology, and information. The aim was to identify areas
where the wording is particularly clear and where linguistic or content-related refinements may be
necessary. The assessment was carried out on a five-point scale, with 1 representing “very
understandable” and 5 representing “not understandable.” The distribution of the comprehensibility
ratings paints a very positive picture overall, with over 81% of “very understendable” scored in each
category, and 86% overall, and over 92% if considering the sum of scores ‘very understandable’, ‘easy

to understand’, ‘understandable’ in each category, raising to 95% if considering all categories together
(Figure 10).

Process: Comprehensibility of the levels
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Information: Comprehensibility of the levels
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comprehensibility rating 65 Total

Figure 10. Graphs and tables reporting the comprehensibility scores collected.

3.3.2. Qualitative Evaluation

The qualitative analysis is based on the comments and remarks made by the interviewees. These
comments provided valuable insights for the further development of the model and revealed several
systematic problem areas. The model underwent a third round of updates based on the qualitative
evaluation explained in Sections 3.3.2.1- 3.3.2.4, resulting in the new model illustrated in Figure 11
(Braholli and Ataide, 2025).

PROCESS

) -

ORGANISATION

INFORMATION

Figure 11. Digital Building Permit Maturity Model - Iteration 3: Quality and user comprehension

improvement.

3.3.2.1. Skipping Maturity Levels

A key issue was the observation that, in practice, higher maturity levels can be achieved even
though lower maturity levels are not formally fulfilled. According to the current structure of the
maturity model, it is implicitly assumed that the fulfilment of a higher level requires the fulfilment
of all preceding levels. At least, this is what the interviewees assume. The example of subgroup
“3.9.29 Data format interoperability” (Figure 12) showed that the City of Vienna does not meet level
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4.1 “Exclusive Support for Open Formats”. However, it does meet the subsequent level 4.2, followed
by 4.3, but not 5.1 and 5.2. This raises the question of how to deal with such cases, where a low level
is not achieved, but higher levels are achieved in the same group at the same time.

Achieved
(Partial’Y
es/No)

TECHNOLOGY

KMA 3.9.29 Data format interoperability

Level 0
X Non-Existent L0.1 - Non-digital formats used for data storage.
X L1.1 - Use of proprietary formats for data storage and exchange.
X Level 1 Initial L1.2 - Limited capability to support open file formats.
X L1.3 - Limited support for exchanging data using standard formats.
X L2.1 - Open formats supported but not standardized.

Level 2
X Defined L2.2 - Proprietary formats still dominant for most data exchanges.
X L2.3 - Limited use of open formats for interoperability.
X Level 3 L3.1 - Internal use of open formats mandated.
X M I L3.2 - Persisting interoperability issues with external data exchange.
X L3.3 - Inconsistent data exchange standards with external parties.
no Vecld L4.1 - Exclusive support for open formats. :
X Integrated L4.2 - Adherence to data exchange standards and best practices.
no L4.3 - Full data exchange capabilities among stakeholders.
X Level 5 L5.1 - APIs implemented for interoperability and data exchange.
X Optimized/ L5.2 - Common language and protocol for system communication.
no Automated L5.3 - Seamless data exchange internally and externally.

Figure 12. KMA ‘Data Format Interoperability” - higher levels achieved without all lower levels fulfilled.

3.3.2.2. Absolute Nature of Some Formulations

Another critical point was related to the wording of individual maturity levels. Some statements
were formulated in such absolute terms that they would be almost impossible to fulfil in practice. For
example, criterion 4.1 Exclusive Support for Open Formats implies that only open formats are used —
which, in the interviewee's view, is unrealistic, as public authorities typically also use proprietary
formats such as .docx, .xlsx, or .pdf.

3.3.2.3. Distinction Between Pilot and Regular Operation

Particularly in the area of technology, for example in the maturity areas concerning the use of
tools for content analysis and rule checking, it was noted that it is essential to distinguish between
pilot operation with a limited user group and productive use for all employees. The interviewee
pointed out that this makes a significant difference in the implementation effort. In this case, it was
not clear to the interviewee whether the level had already been achieved during the pilot phase. For
this reason, the option “Pilot phase” was added to the interview in addition to the “Yes” option to
explicitly reflect this intermediate stage.

3.3.2.4. Dependencies Between Levels

During the interview, it became apparent in some cases that there are functional dependencies
between individual maturity levels both within and between the main categories. This means that
failure to achieve a level in one category can have a direct impact on the achievability of a level in
another category, for example, if certain technical prerequisites are missing to implement process
requirements. Such cross-connections should be taken into account more strongly in the further
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development of the model to reduce the time required to assess the maturity level. In Figure 13 it is
illustrated an example of interdependencies between the four categories and their levels of maturity.
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Figure 13. Dependencies between maturity model categories and maturity levels.

3.4. Enhanced Digital Building Permit Maturity Model - final version

The first action was to improve comprehensibility of the model. Levels flagged as “not very
understandable” or “not understandable” were initially concentrated at the upper tiers of the
maturity scale, especially Levels 4 and 5, making it relatable with possible gaps in digital skills as
well. Moreover, higher levels are often introduced as more abstract or technical concepts. For
example, “data ecosystems”, “dynamic integration”, or “comprehensive metadata” while well-
defined in digital transformation literature, were not always intuitive for practitioners because very
often are levels not yet achievable in the real-case scenarios. These levels describe capabilities or states
rarely achieved in current municipal practice, leaving users with little concrete reference for
comparison. Finally, early drafts sometimes relied on sector-specific jargon or implicit assumptions
about organizational digital maturity that were not explicitly articulated.

In response to this feedback, a structured review was undertaken to revise and clarify these
descriptions. The process involved several key steps:

- Simplifying language: abstract or technical terms were replaced with plain language and direct
explanations. For instance, “ad hoc guidelines support technicians” became “staff use informal,
unofficial instructions to perform tasks”, directly conveying the everyday experience of users.

- Providing context and examples: where feasible, descriptions now include practical references or
examples. For instance, “advanced analytical tools for data verification” was clarified by
substituting the text to “the organisation might use automated software to detect errors or
inconsistencies in submitted building plans”.

- Clarifying intended outcomes: rather than relying on aspirational or ambiguous phrases, for
example, “maximise effectiveness” or “integrated dynamic building model”; the revised
descriptions explicitly state what is present or what occurs at each level, like “Data is

automatically converted and integrated from different sources in real time, without manual
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steps”. Another example is the KMA 2.4.9, which evolved from the generic term "Internal staff"
to "Digital mindset and engagement,” which more precisely represents the intended KMA.

- Describing automation and integration in steps: for high maturity levels, that are more often
theorical, the difference between automation, integration, and real-time functionality was
articulated with concrete terms. For example, “Regulatory compliance is achieved through fully

digital, automated systems, with minimal need for manual intervention”.

Through successive rounds of revision and user testing, the maturity model went through a
revision on the levels’ descriptions making them more accessible, actionable, and relevant to a broad
range of stakeholders. The approach taken focused on anchoring descriptions to concrete practices,
removing jargon, and clarifying intended outcomes, aiming to successfully improve the model’s
helpfulness for both assessment and planning.

The Digital Building Permit Maturity Model (Braholli and Ataide, 2025) is the final result (Figure
14).

TECNOLOGY

INFORMATION

Figure 14. Final Digital Building Permit Maturity Model.

4. Discussion

The maturity model developed in CHEK served as the foundation for the maturity model
developed in this study. Following comprehensive validation and testing across diverse municipal
contexts with input from experts in various domains, the enhanced model retains the same four core
categories: process, organization, technology, and information. However, significant structural and
content modifications were implemented to optimize the model's effectiveness and clarity while
preserving its fundamental concepts.

The digital building permit maturity model now encompasses 37 KMAs. Based on expert
feedback, two additional ones were integrated into the Organization category: "Level of
incentivization for digitalisation” and "Digitalisation in organisation management". This expansion
addressed the identified gaps in these critical areas, which emerged as recurring themes among the
municipalities studied in Fauth et al. (2024).

Regarding the model's structural framework, the updated version features more granular
maturity levels. This refinement emerged from testing, which revealed that compartmentalized
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maturity assessments provide superior insights into real-world building permit scenarios.
Consequently, the final version maintains the same six levels (0 to 5), but each level is subdivided
into sub-levels that organizations can clearly relate to.

Concerning usability and accessibility, the validations demonstrated that the original text was
sometimes complex and abstract, occasionally preventing users from accurately assessing maturity
levels due to comprehension difficulties. The improved version incorporates more concrete examples
and clearer terminology. The validation process resulted in meaningful model improvements. This
rigorous development approach produced a robust, proven tool that effectively guides municipalities
through their digital transformation journey. The obtained maturity model represents a ready-to-use
resource that has incorporated expert input on digital building permits and demonstrates high
potential as a comprehensive guide for organizations embarking on digital transformation initiatives.

Notably, feedback indicated a consistent pattern as the levels increased, so did the users’
difficulty in fully grasping what was required or achieved at that stage. This phenomenon has been
observed in other digital transformation maturity frameworks. Lower levels typically describe
familiar, observable conditions (e.g. manual work, informal procedures, or partial digitization) that
are probably seen on a workday process while higher levels introduce more complex concepts such
as system-wide automation, dynamic data flows, and organizational integration that are less
commonly experienced and more theoretically demanding.

The abstraction and complexity at these upper levels partly reflect the cutting edge nature of
digitalisation, where best practices are still emerging and often context specific. Users are less likely
to have direct experience with real-time interoperability, comprehensive metadata management, or
fully automated compliance systems. This unfamiliarity naturally leads to greater interpretive effort
and occasional ambiguity. This also reinforces the need for a maturity model where those concepts
could be a guide for the implementation of new improved processes.

The validation exercise highlighted ongoing challenges in categorising certain empirical
realities, especially when an authority’s practices go across multiple levels for a single maturity area,
or where digitalisation led to unforeseen process issues (e.g., an increase in incomplete or pending
digital applications). The evolution of the digital building permit maturity model now incorporates
process improvements such as pre-check phases to increase transparency and ensure higher-quality
submissions.

The independent validation further emphasized that as a maturity model becomes more
granular and comprehensive, it becomes both more useful and more demanding for users. This
balance between completeness and usability remains a key consideration for future model
development, with recommendations to continue evolving the model to encompass emerging areas,
such as sustainability (eco and green maturity), and to provide supporting resources such as case
studies and best practice guidelines.

One criticism was the considerable amount of time required to fully fill the model. Although
additional aspects such as comprehensibility and commentary were surveyed as part of the
validation, the total duration of 3.5 hours was considered high. A more compact version of the model
could be desirable for practical use, especially in resource-constrained administrative units.
However, as this model is intended as a practical instrument at an operational level, and not as a
research tool, the time dedicated to filling the model directly translates into precision and
comprehensiveness of the digitalisation strategy and roadmap, with the consequent prevention of
unexpected events during the journey and cost optimisation.

Nevertheless, the analysis suggests a persistent need for ongoing dialogue and user support as
digital maturity advances. Supplementing level descriptions with real-world case examples, visual
aids, and practical checklists may further aid comprehension, particularly at higher maturity stages.
The proposed maturity model will continue to evolve in line with this feedback, ensuring that it
remains both rigorous and functional for authorities at all stages of their digital transformation
journey.
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5. Conclusions

This paper presented the validation of a maturity model specifically designed for digital
building permit systems, aiming at providing a practical framework where generic approaches have
proven inadequate. Our goal was to provide public authorities with a tool that enables realistic self-
assessment and guides step-by-step their digital transformation.

The obtained digital building permit maturity model underwent a two-phase validation: first,
through detailed analysis of interview data from a diverse sample of European municipalities, and
second, in direct application within the City of Vienna. Each stage contributed valuable feedback,
leading to key improvements such as clearer language, finer sublevel granularity, and new areas
addressing organisational flexibility and digitalisation incentives. Both quantitative ratings and user
feedback confirmed that the revised model is more accommodating and relevant for application in a
municipal environment.

Through this validation process, the digital building permit maturity model has been both
empirically tested and enhanced. The direct engagement with real-world data from a range of
European municipalities and their respective building permit processes has produced a maturity
assessment tool that is closer to the reality of current processes.

The results demonstrate that this maturity model fills a gap by offering a nuanced, evidence-
based framework that accommodates the complexity and diversity of building permit digitalisation.
It allows authorities to assess their current maturity, identify and support strategic planning
customised to their unique context.

Looking ahead, further work will expand validation in additional municipalities, explore
integration of sustainability criteria, and produce more advanced assessment tools and formats for
everyday use. Continued feedback from practitioners will help keep the model useful and relevant
as digital practices in building permitting evolve.

Future development will focus on establishing a continuous feedback mechanism to ensure the
model remains current and relevant as digital building permit practices evolve. Additionally, plans
include developing a simplified version of the maturity model or easier to access, designed to provide
quick reference capabilities and enhanced accessibility for users who have less knowledge on the
model and its content. Supporting tools may play a role in improving user experience, but the most
effective approaches for providing guidance and operational planning remain open questions. In
particular, future work should also consider the scalability of the model and its ability to address the
full diversity of municipal realities across Europe. Ensuring that the maturity model remains both
accessible and adaptable, regardless of authority size, digital maturity, or local context, will be a key
challenge moving forward.
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