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Abstract

Digitalisation is transforming organisational practices, making digital readiness essential for
strategic planning. However, customised digital maturity tools for the Irish Architecture, En-
gineering, Construction, and Operations (AECO) sector remain limited. This paper presents
the development and validation of a Digital Maturity Gap Analysis Toolkit (DMGAT) for
the Irish AECO sector. The toolkit assesses digital maturity across three dimensions—people,
process and culture; technology; and policy and governance—covering 16 sub-dimensions and
69 assessment questions. Unlike existing tools such as the BIM Maturity Matrix, VDC BIM
Scorecard, and Maturity Scan, the DMGAT uniquely integrates ISO 19650 maturity stages with
a comprehensive maturity level matrix across three key dimensions, offering a customised,
industry-specific assessment for the Irish AECO sector that combines structured benchmarking
with actionable gap analysis. The toolkit supports gap analysis by comparing an organisation’s
current maturity profile with the detailed descriptors of higher maturity levels (maturity level
matrix), thereby enabling prioritised and context-specific improvement planning rather than
pursuit of a uniform maximum level. The study uses a mixed-methods approach within a
Design Science Research (DSR) framework, developing the tool across six phases: literature
review, defining dimensions and key performance indicators (KPIs), prototype development,
testing, refining and finalisation, and deployment for practical application and empirical eval-
uation within real organisational contexts in the Irish AECO sector, demonstrating its use as
an operational diagnostic and learning tool. Alpha testing by the organisational research team
refined structural enhancements including maturity stages, KPIs, and maturity matrix. Beta
testing with 20 Irish AECO organisations confirmed the toolkit’s relevance, scope, and coverage.
Participants highlighted its clarity and industry alignment, while suggesting minor improve-
ments in wording, visuals, and support materials. This study concludes that DMGAT is a useful
resource for informed decision-making and digital innovation in the Irish AECO sector.

Keywords: digital maturity; gap analysis; toolkit development; alpha testing; beta testing;
AECO stakeholders

1. Introduction

Digital transformation is essential for businesses of all sizes, indicating a rapid evo-
lution in corporate environments through adapting processes and practices to effectively
integrate new technologies [1]. The process involves implementing digital infrastructure to
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accommodate stakeholders, staff, and clients” evolving requirements [2]. The integration
of cloud computing, big data, social media, and mobile internet drives this transition [3],
pushing businesses to innovate their models [4]. Digitisation enhances connectivity and
manageability, drives industry through information acquisition, and provides competitive
advantages, while organisations that neglect it risk reduced profitability [5,6]. Digital
transformation in the AECO sector is also increasingly characterised by data-driven moni-
toring and precise early warning of critical infrastructure assets. Recent studies on bridge
tower and cable performance monitoring demonstrate how integrated sensing, data fusion,
and predictive warning methods can enhance decision-making, safety, and operational
responsiveness in infrastructure management [7,8].

Digital maturity assessment tools evaluate competencies and determine the capacity
to adopt technological innovations. These tools help organisations to identify gaps and
formulate BIM implementation strategies to enhance digital maturity [9]. Digital maturity
assessment tools are crucial for defining the conceptual scope, development trajectory, and
milestones of the target systems. These frameworks have been adapted to assess digital
transformations in retail, internet services, and manufacturing [10]. Similarly, these tools
support AECO enterprises by evaluating organisational operations through the assessment
of digital competencies maturity levels. As the construction industry continues to evolve,
adopting digital maturity assessment tools become essential for companies, aiming to
remain competitive. However, AECO stakeholders may face challenges in selecting suitable
assessment tools [11].

In response to digital evolution, Ireland’s government initiated a phased BIM imple-
mentation plan in January 2024, mandating digital delivery integration in AECO projects.
These mandates aim to improve planning, design, construction, and operation by focusing
on efficiency, quality, cost, and sustainability [12-15]. McKenna et al. [16] analysed digital
adoption practices across eight countries including Denmark, Finland, the Netherlands,
Germany, the UK, New Zealand, Australia, and Singapore. The study found that govern-
ments lead BIM implementation initiatives with industry partners but face challenges in
measuring adoption and sector fragmentation, particularly among SMEs. The study [16]
confirms Ireland’s Build Digital Project aligns with international best practices and recom-
mends developing business cases, exemplar projects, and measurement methodologies. The
authors previously conducted a comprehensive review [17,18] of existing digital maturity
assessment tools, identifying several gaps, including a lack of comprehensive assessment,
inadequate integration of key components, and lack of fully integrated dimensional evalua-
tion such as people, process, culture, policy, governance, and skills. The study proposed a
conceptual framework to address these shortcomings.

This paper outlines the development and validation of a Digital Maturity Gap Analysis
Toolkit (DMGAT), based on the framework proposed in the preceding study [18]. This Mi-
crosoft Excel-based tool is designed to support Irish AECO organisations in assessing their
digital maturity. The toolkit evaluates digital maturity using three primary dimensions
divided into 16 sub-dimensions and 69 assessment questions. It uses a five-level maturity
scale to evaluate digital maturity aligned with ISO 19650 stages [19,20], ranging from
manual procedures to full BIM integration. By providing dimension-specific results and
sub-dimension scores, the toolkit highlights gaps in organisational digital maturity, guiding
priorities. The toolkit’s development process includes conceptual framework development
based on the conducted literature review, prototype designing, pilot testing, and feedback
integration. Alpha testing involved an in-house organisational research team to ensure
functionality and resolve usability issues. Beta testing was conducted with industry stake-
holders to refine the toolkit based on feedback provided by practitioners. This approach
ensured that the toolkit effectively addressed the needs of industry stakeholders, facilitating
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the efficient assessment of digital maturity and offering actionable insights. The findings
aim to establish a foundation for advancing digital transformation within the Irish AECO
sector, enabling enterprises to achieve greater digital integration and competitiveness.

2. Background and Research Context
2.1. Context

Digital transformation in the construction industry involves the adoption of tech-
nologies such as cloud computing, the Internet of Things (IoT), and Building Information
Modelling (BIM) to digitise a wide range of organisational and project processes [21,22]. Re-
cent studies indicate that the AECO sector is in a transitional phase of digital advancement,
with increasing uptake of BIM, cloud-based platforms, data-driven workflows, and other
Construction 4.0 technologies, although the pace and depth of implementation remain
uneven across organisations and contexts [23,24].

This shift requires identifying both progress and persistent shortcomings across differ-
ent stages of adoption, as well as assessing the efficiency and goal achievement of digital
transformation initiatives [9]. Although implementation has expanded, the sector contin-
ues to face challenges related to fragmented practices, inconsistent strategic direction, and
varying levels of organisational digital maturity, reinforcing the need for structured and
context-sensitive maturity assessment frameworks and tools [24,25].

Digital maturity assessment tools assist in determining the requirements and diffi-
culties of digitalisation across several operational domains in the construction industry.
Production and other internal processes are more directly influenced by management
decisions, rendering them to the effects of digital transformation [26]. Strategic alliances
and shared management between firms are crucial for operations such as logistics, which
occur at the intersection of an organisation and its business partners. Consequently, the
cooperation of all parties and their interactions is essential for successful digital transforma-
tion [27,28]. To address these complexities, it is recommended to customise digital maturity
assessments at the organisational level and specific operational areas [29]. This method
ensures successful implementation across all processes and enables a detailed assessment
of transformation initiatives in line with the strategic goals. Industry stakeholders often
embrace this customised approach, which offers a comprehensive framework for assessing
digital maturity and adopting digital transformation [30].

2.2. Approaches to Maturity Model Development

Maturity models have led to the development of maturity assessment tools, crucial
for evaluating organisational management competence and enhancing critical success fac-
tors [31]. These models are particularly beneficial for digital transformation leaders and
managers, enabling them to identify areas for improvement within the organisation [32].
Angreani et al. [33] highlighted three critical purposes of maturity models: auditing and
benchmarking measures; tracking progress from current assessments to goals; and identify-
ing strengths, weaknesses, and opportunities. Lasrado et al. [34] suggested four primary
methods for developing maturity models, which can be categorised as follows:

Conceptual: These models are based on a theoretical framework for identifying
dimensions. A robust theoretical basis is essential, rather than merely referencing previous
maturity models, for inclusion in this category.

Qualitative: This category includes models that primarily use a qualitative empirical
approach to determine dimensions and levels.

Quantitative: Models that employ a quantitative empirical approach to establish
dimensions and maturity levels come under this category.
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Derivative: This category includes models that predominantly drive from the existing
literature on maturity models, adapting it to address appropriate domain-specific issues
without relying heavily on robust theoretical or empirical foundations. Additionally, it
encompasses models developed with a focus on practical application for industry.

The integration of qualitative and quantitative methods, leading to a mixed-methods
approach, is more commonly employed in the development of maturity models [35].
Typically, a literature review is followed by the development of a conceptual framework
and prototype, which is then validated and tested through focus groups and/or interviews
before the measuring tool is operationalised. Schumacher et al. [36] established common
structural characteristics of a maturity model:

e  Maturity levels typically range from 1 (lowest) to 5 (highest), with some models
including Level 0.

e  Maturity assessment areas range from 3 to 16.

e Assessment modes can involve self-assessment or external audits.

e  Representation methods include numerical data, which are often visualised using
radar charts in terms of percentages.

Two primary representation approaches, staged and continuous, are common in
model development [32,36]. The staged model emphasises organisational maturity through
five levels, making it ideal for structured growth and benchmarking, while the continuous
model enables targeted improvements in specific process areas using capability levels,
offering greater flexibility. Staged representation requires all areas to achieve a minimum
rating to advance maturity levels, while continuous representation evaluates each area
independently to align with organisational priorities [37]. The continuous model en-
hances individual process areas through capability levels 0 to 5, whereas the staged model
evaluates organisational maturity across maturity levels 1 to 5 [38]. Both models share
components like process areas, goals, and practices, yet they differ in scope. Capability lev-
els assess specific area performance, while maturity levels measure overall organisational
maturity. Figure 1 shows a graphical representation of these approaches.

Staged — For a pre-defined set of process
areas across an organisation.

Maturity Level 5

PA3 PA4 PA-n
Process Area Organisation (Overall Maturity)

Figure 1. Continuous and staged model representation.

2.3. Digital Transformation and Maturity Assessment Tools

Digital transformation, driven by digitisation and digitalisation, is influenced by
Industry 4.0 and has been accelerated by the COVID-19 pandemic [39-41]. Digital transfor-
mation influences organisations differently based on sector and supply chain position [30].
Companies with advanced digitisation show greater crisis resilience, relying on project
success and enhancing project management capabilities through digital adoption [41].
Studies [32,42-44] showed that business-to-consumer (B2C) organisations experience faster
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effects of digital transformation compared to business-to-business (B2B) organisations.
These dynamics affect the benchmark outcomes of digital maturity assessment tools.

Maturity assessment tools are crucial in the digital transformation processes across
various industries, with a particular emphasis on BIM implementation within the con-
struction sector [29,44-50]. These tools play a significant role in identifying organisational
gaps, highlighting weaknesses and strengths, guiding them on effective digital adoption,
and formulating improvement roadmaps [13,45]. Additionally, these tools are essential in
assessing an organisation’s innovation strategies [46,47], determining their readiness to
adopt innovative technologies, and outlining steps toward achieving advanced maturity
levels [48]. Furthermore, these tools assist organisations in benchmarking and managing
their digital transformation initiative [42,49]. Previous studies [36,50] highlighted that
majority of digital maturity assessment tools employ graded levels to evaluate areas such
as technology, strategy, and organisation. Certain tools focused on specific domains, in-
cluding value creation processes [51], knowledge-intensive business processes [52], and
logistics [29,33,42,49]. Similarly, Hein et al. [53] identified technology, strategy, policy,
organisational management, processes, and organisational basic culture as primary focus
areas, while customers, skills training, financial resources, and corporate digital culture
were noted as underemphasised areas [33,54]. Gollhardt et al. [55] and Wagire et al. [10]
developed tools shaped for manufacturing and Industry 4.0, designed to assist enterprises
in identifying gaps and improvement pathways. Borstnar and Pucihar [56] developed a
tool specifically for SMEs, addressing their resource constraints, whereas Zhao et al. [57]
and Smits et al. [58] concentrated on tools for risk assessment and BIM adoption. Liang
et al. [59] developed a tool to advance BIM technology across projects, companies, and
industries. Wernicke et al. [60] proposed a tool to assess digital maturity in construction
operations for long-term improvements, while Perera et al. [24] developed a tool for evalu-
ating digital maturity in the Australian design and construction sectors. Some tools take a
comprehensive approach rather than targeting specific sectors [61]. Aras and Giilgin [62]
analysed the existing tool integration into digital transformation processes to inform the
development of a tool for business functions. Tools designed to assess digital maturity
gaps enable enterprises to better adapt to digital environments [63]. Prescriptive and
modular maturity tools with priority-weighted components guide improvement strate-
gies [64]. However, gaps persist, as most tools focus on a specific domain such as design or
operation, and they lack construction industry customisation and international standard
adoption [19,24,62,63]. Developing digital maturity assessment tools faces challenges such
as limited empirical validation, the assumption of linear digital transformation, and the
negligence of industry-specific needs [2,32]. Despite these challenges, existing tools such
as the BIM Maturity Matrix [65] and Maturity Scan [66] help organisations reach desired
maturity levels. Similarly, the scope of the Capability Maturity Model has expanded into
fields like human resource management [52] and technological innovation [53]. Assessment
scope varies among tools, with some focusing on internal capabilities [67], while other tools
enable cross-organisational comparisons, such as the Capability Maturity Model [38,52,53],
BIM Cloud Score [68], or assessments at multiple levels, including individual, team, and
organisational levels, such as the BIM Maturity Matrix [65] and BIM Excellence [69]. Tools
use different evaluation metrics, including capability maturity scales [38,52], compliance
quantification (VDC BIM Scorecard) [70,71], and dimensional assessments (Organisational
BIM Assessment Profile) [72]. Each tool has strengths, such as real-time collaboration
(BIM Cloud Score) [68] and comprehensive coverage of maturity aspects (VDC BIM Score-
card) [70]. Despite strengths, some tools have limitations including issues of subjectivity
(NBIMS-CMM) [38,52,53], reliance on self-reporting (BIMe) [69], and lack of practical use
documentation (Organisational BIM Assessment Profile) [72].
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Recent initiatives have broadened the scope and evaluation methodologies of matu-
rity tools. Ullah et al. [18] conducted a systematic review of 20 existing digital maturity
assessment tools, offering a systematic guide for the development of maturity assessment
tools with a comprehensive approach. The study analysed key characteristics of existing
tools, including the assessment matrix, accessibility, limitations, and the time required for
assessment completion. It proposes a framework for a comprehensive digital maturity
gap analysis toolkit, offering an integrated assessment for construction organisations. The
maturity assessment tools facilitate systematic improvements and guide organisations in
their digital transformation efforts. However, assessment tools designed for SMEs and local
authorities remain limited in regional contexts such as Ireland. To address these limitations,
this paper introduces the development and validation of a DMGAT for local authorities and
construction organisations within the Irish construction sector. The DMGAT uses three di-
mensions, divided into 16 sub-dimensions and 69 assessment questions, to identify gaps
in organisational digital maturity and suggest improvements to achieve higher maturity
levels, thereby supporting organisations in maintaining competitiveness.

2.4. Testing Regimes in the Development of Maturity Assessment Tools

Digital maturity assessment tools are increasingly critical to steering digital transfor-
mation within the AECO sector [73] and have the potential to greatly enhance operational
efficiency, notably reducing document approval time by 75% in construction SMEs [62].
The development and validation of these tools typically involve literature reviews, expert
interviews, and case studies [74,75]. Previous studies [64,76,77] used case studies to val-
idate maturity tools. The number of participants in testing and validation varies widely,
from 5 interviews [74] to 24 companies [73], or even more across different sectors [13].
Some studies employ larger sample sizes, such as 17 public sector organisations [45], or
industry-wide surveys and interviews [61]. However, validating these tools remains a sig-
nificant challenge, with only a few being empirically evaluated across various sectors [13].
Iterative feedback is crucial in ensuring that KPIs effectively assess digital maturity across
different dimensions and refine scoring methods [78]. The toolkit’s clarity and effectiveness
are underscored by validation through testing phases, leading to improvements that better
meet industry requirements [63,78].

3. Methodology
3.1. Approach to Toolkit Development

This study adopts a mixed-methods approach embedded within a Design Science
Research (DSR) framework to develop and validate the DMGAT. Mixed-methods research
integrates qualitative and quantitative approaches to strengthen tool development and
validation [79], while DSR supports systematic artefact creation and evaluation to address
real-world problems [80].

The DMGAT was developed through six phases as shown in Figure 2. Phase 1 em-
ployed a systematic literature review to analyse existing digital maturity toolkits and
identify research gaps. Phase 2 involved conceptual framework development based on
the review findings, focusing on formulation of assessment questions, dimensions, sub-
dimensions, and operationalising conceptual constructs into measurable indicators for
content validity. In Phase 3, a pilot version of the DMGAT was developed utilising the
conceptual framework to integrate qualitative framework components with quantitative
scoring criteria and maturity levels, using a mixed-methods approach [79]. Phase 4 com-
prised iterative testing: alpha testing using quantitative analysis to refine the framework
consistency followed by beta testing with AECO stakeholders to collect feedback on usabil-
ity, relevance, and practical applicability using DSR principals [80]. Phase 5 synthesised
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results and feedback to finalise a validated toolkit suitable for practical deployment. In
phase 6, The validated DMGAT will be deployed for practical application and empirical
evaluation within real organisational contexts in the Irish AECO sector, demonstrating its
use as an operational diagnostic and learning tool.

The overall methodology of this research adopts a mixed-methods approach aligned
with DSR principles through artefact creation (the DMGAT), iterative evaluation cycles
(alpha and beta tests), and practical relevance (engagement with industry stakeholders).
This approach ensures that the toolkit effectively addresses both operational and strate-
gic needs [35,79,81] and contributes to the advancement of theoretical knowledge while
providing a practically applicable assessment tool.

Literature Review

Review and analysis of existing
tools to identify research gaps
and inform the design
requirements and conceptual
foundation for the proposed
toolkit

Conceptual Framework
Development

Building on the review findings,
conceptual framework development,
focusing on formulation of dimensions,
sub dimensions, assessment questions, and
operationalising Conceptual constructs to
measurable indicators for content validity

Prototype Development

Development of a prototype to
integrate qualitative framework
components with quantitative scoring
criteria and maturity levels

\2

Validation and Testing
Validating the toolkit through:
Alpha Testing: Research

team members and project
partners from industry

Beta Testing: External testing

>

Feedback Analysis, Incorporation,
and Toolkit Refinements
Analysing the feedback and iterative

feedback-informed refinement to finalise
the toolkit

Application of the Toolkit

Dissemination to the industry to
perform empirical evaluation
through actual gap analysis of a
validated DMGAT in real contexts to
demonstrate practical execution,
offering insights into operational fit,

stakeholders

with Irish AECO sector

reliability, consistency, actionability,
and learning potential

Figure 2. Approach to development of a digital maturity gap analysis toolkit.

3.2. Framework and Prototype of the Toolkit

A systematic review [18] preceded this study and served as its conceptual foundation.
It focused on existing tools to identify gaps and position the DMGAT within current
knowledge. Five tools, including the Maturity Scan, BIM Maturity Matrix, BIM Compass,
Interactive Capability Maturity Model, and National BIM Standards Capability Maturity
Model, were identified as most appropriate to inform development of a digital maturity
gap analysis toolkit for the Irish AECO sector. The DMGAT evaluates organisational
digital maturity across three dimensions: people, process, and culture, including six sub-
dimensions and 23 assessment questions (AQs); technology, with four sub-dimensions
and 15 AQs; and policy and governance, with six sub-dimensions and 31 assessment
questions, as shown in Figure 3. The toolkit’s assessment methodology appraises maturity
levels across digital maturity aspects. By addressing these dimensions, the framework
provides a comprehensive view of digital capabilities, supporting organisations to identify
improvement areas and formulate strategies to enhance digital maturity. A complete
traceability matrix linking assessment questions (AQ1-AQ69) to the relevant ISO 19650
reference areas and principles is provided in Supplementary File S1.
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Figure 3. Overview of the digital maturity gap analysis toolkit framework.

The distribution of assessment questions across the three dimensions was not deter-
mined arbitrarily but emerged from the structured literature synthesis and comparative
analysis reported in the preceding systematic review [18], followed by expert-led refine-
ment during toolkit development. Recurring maturity constructs identified across existing
digital maturity assessment tools were extracted, coded, and clustered into broader or-
ganisational, technological, and governance-related domains. This process showed that
the people, process, and culture and policy and governance dimensions encompassed a
wider range of interrelated constructs, including organisational readiness, collaboration,
leadership, standards, compliance, and strategic alignment, therefore requiring broader
question coverage. In contrast, the technology dimension addressed a more bounded set
of capabilities related to digital tools, infrastructure, and technology use, resulting in a
comparatively smaller number of assessment questions. Accordingly, the allocation of 23,
15, and 31 questions across the three dimensions was intended to ensure comprehensive
construct coverage rather than equal numerical weighting. Overall, construct development
and preliminary validation were informed through structured literature synthesis and
expert validation.

The prototype toolkit, developed in accordance with the framework presented in
Figure 3, constitutes a substantial advancement in the practical application of research
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findings. As illustrated in Figure 4, this Microsoft Excel-based toolkit comprises multiple
tabs specifically designed to address individual aspects of the framework. The initial page of
the toolkit serves as the primary guide and dashboard, enabling users to navigate seamlessly
to any section with a single click. The next tab offers a comprehensive overview of the
toolkit’s full functionality, encompassing its purpose, development rationale, operational
instructions, usage guidelines, and scoring criteria. The next tab details the maturity level
matrix, which outlines key performance indicators and their correlation with maturity
levels. The self-assessment is organised into the subsequent three tabs, representing
the dimensions of people, process, and culture; technology; and policy and governance,
respectively. Each dimension contains sub-dimensions with specific questions related to
those sub-dimensions. Each question should be rated on a 1-to-5 Likert scale, corresponding
to the five maturity levels. The next three tabs display the organisation’s digital maturity
results for various sub-dimensions across the three main dimensions in individual tabs, as
shown in Figure 5. The results are represented as percentage digital maturity of organisation
in each area. This visualisation aids in identifying areas requiring increased focus to enhance
successful BIM implementation. Additionally, the tool represents the digital maturity stages
of these sub-dimensions within the context of the three primary dimensions. The final
tab provides a detail overview of the organisation’s current status across the three main
dimensions, displaying the percentage of digital maturity for each dimension and indicating
its current maturity stage as shown in Figure 5. The toolkit incorporates components that
facilitate data collection and analysis through assessment questions, ultimately presenting
the results of organisational digital maturity.

3.3. Approach to Toolkit Validation

The development and validation of the DMGAT followed a structured approach to
ensure its reliability, usability, and effectiveness for organisations in the Irish construc-
tion sector. The fourth phase of toolkit development, which is the main focus of this
paper, evaluated various aspects of the prototype through comprehensive alpha and
beta testing. Alpha testing and beta testing were designed to serve distinct validation
purposes within the DSR process. Alpha testing focused on evaluating the prototype’s
internal logic, structural coherence, core functionality, interface design, and alignment with
ISO 19650 maturity stages. This phase was carried out internally by organisational research
team experts with extensive experience in both academic and industrial digital domains.
Technical issues related to the prototype’s maturity stages, maturity level matrix, visualisa-
tion, and refinement of assessment questions were identified and subsequently addressed
through iterative feedback loops, leading to an improved version of the tool. While this
approach enabled efficient internal refinement of the artefact, it may also have introduced
research bias, as the alpha testers were closely connected to the development process. The
improved toolkit then underwent beta testing with external AECO industry stakeholders to
assess its real-world applicability, usability, and effectiveness. This phase aimed to evaluate
participants’ perceptions of the toolkit’s functionality and alignment with industry needs,
while also helping to mitigate the potential bias associated with internal alpha testing. The
evaluation process involved interactive assessment sessions, each lasting approximately
90 min. These sessions were designed to gather feedback on the toolkit’s effectiveness
and ability to address real-world challenges in the industry. The data collection methods
included individual assessment sessions, as well as the administration of questionnaires
and observational studies conducted during the various phases of toolkit development. A
standardised questionnaire, structured around the following four areas, was employed to
gather the feedback:
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e  General Perception: obtaining initial impressions about the toolkit, including its
perceived relevance and potential impact.

e Usability, User Experience, and Support: evaluating the toolkit interface, ease of
navigation, and any required resources for optimal functionality.

e Relevance and Coverage: assessing the comprehensiveness of the toolkit in addressing
digital maturity aspects and their alignment with industry standards.

e Key Observations and Recommendations: documenting specific insights, sugges-
tions, and recommendations for improving the tool.

A mixed-methods approach was employed to analyse the feedback, which was subse-
quently integrated into the prototype to further refine the toolkit. The systematic validation
process will conclude in the dissemination of the final version of the toolkit to Irish AECO
stakeholders, thereby ensuring its continued relevance to the industry and its effectiveness
in guiding construction organisations toward successful digital transformation.

3.4. Ethical Considerations

Ethical approval for this study was obtained from the Human Research Ethics Com-
mittee (HREC) of Munster Technological University prior to conducting the alpha and beta
testing stages involving human participants. The approved study was titled “Development
and Validation of Digital Maturity Gap Analysis Toolkit (DMGAT) for Construction SMEs”
and was granted approval under reference MTU-HREC-MR-24-023-A on 11 June 2024
(Supplementary File S2).

The ethical approval covered the engagement of industry practitioners participating
in the toolkit validation process, including both the alpha and beta testing phases, which
involved structured feedback sessions and one-to-one assessment exercises. All participants
were informed about the purpose of the research, participation was voluntary, and feedback
was collected in accordance with the ethical guidelines outlined by the university’s Human
Research Ethics Committee.

Use the following filter buttons to navigate through the digital maturity assessment tool.

Grasoms o

Self Assessment

GUIDANCE Matuirty Level Matrix

Dimension:1 3 . Dimension:3
Dimensions:2
People, Process, SR Policy and
and Culture o Governance

Dimensions Results

People, Process, Policy and
Technol
and Culture S et Governance

Overall Results

Figure 4. Prototype of digital maturity gap analysis toolkit—guidance and assessment tabs.
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Figure 5. Prototype of digital maturity gap analysis toolkit—maturity result representation.

4. Prototype Validation and Feedback Analysis
4.1. Alpha Testing

The validation process was designed to evaluate the toolkit’s performance against estab-
lished criteria, its usability for the intended users, and its capacity to deliver consistent and
accurate results. Within this process, alpha testing and beta testing served different purposes.
Alpha testing focused on validating the prototype’s internal logic, structural framework, core
functionalities, design interface, and alignment with ISO 19650 standards before broader exter-
nal validation and deployment. This phase involved a focused assessment by experts from
research team comprising experts from the research hosting institute and project partners from
industry, including a project lead, digital built consultant, public sector client, and developer
and specialist contractor, who systematically evaluated the prototype’s core functionalities and
interface. These experts possessed extensive academic qualifications and industrial experience,
particularly in digital transformation and BIM implementation within the construction sector.
Their backgrounds encompassed both theoretical research and practical industry experience,
enabling them to critically assess the toolkit’s functionalities with a comprehensive under-
standing of current industry standards and academic rigour. This dual expertise provided a
robust foundation for validating and refining key components such as the toolkit’s structural
framework, dimensional parameters, and assessment methodologies, thereby ensuring that
optimisations were both practically relevant and theoretically sound. However, as the alpha
testing was conducted internally by individuals closely connected to the project, this phase
may have introduced a degree of research bias. For this reason, beta testing was subsequently
undertaken with external AECO stakeholders to evaluate the toolkit’s practical relevance and
applicability under real-world conditions. These experts performed practical evaluations to de-
tect bugs, usability challenges, and performance limitations. Their detailed feedback provided
critical insights that guided targeted refinements before the broader user testing phase. The
insights obtained facilitated the identification of critical areas for enhancement in functionality,
user interface design, and additional features to enhance the toolkit’s effectiveness, thereby
laying the groundwork for beta testing with broader industry stakeholders. The key revisions
are summarised as follows.

Transition to ISO 19650 Maturity Stages: The Bew and Richard maturity levels [82]
were replaced with ISO 19650 maturity stages for international standard alignment. This
new model introduced progressive BIM implementation stages, allowing organisations to
evaluate their status and plan advancements.
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Updating Maturity Levels: The maturity levels were updated to initial, planned,
defined, managed, and optimised, accordingly aligning them with a five-point Likert
scale [83]. This approach allows organisations to evaluate their digital maturity by assigning
levels to each aspect, corresponding to different maturity stages. These levels act as
measurable indicators of maturity progression, enabling organisations to assess their
current maturity stage and pinpoint areas for improvement.

Introducing Maturity Level Matrix: A maturity level matrix (Table 1) was developed
to align maturity levels with sub-dimensions. The matrix details levels for assessing or-
ganisational maturity, with each level corresponding to specific benchmarks. This enables
organisations to measure their current position and improvement targets while systemati-
cally tracking digitisation progress.

Revised Assessment Questions: Assessment questions were updated to improve
clarity and alignment with maturity levels, providing specific guidance for evaluating
digital transformation practices. These updates help organisations measure maturity levels
accurately, while facilitating progression through framework stages.

The alpha test provided significant benefits by identifying key areas for enhancement,
including functionality, usability, and alignment with industry standards. This feedback
enabled focused and precise refinements that improved the toolkit’s clarity, relevance, and
robustness, ensuring it effectively meets AECO sector stakeholder needs and to better
support systematic digital maturity evaluation in the sector. The alpha testing results
ensured the toolkit’s alignment with the AECO sector stakeholders needs and international
standards. The refinement process was subsequently expanded to include a broader range
of stakeholders during the beta testing phase, as presented in Section 4.2.

4.2. Beta Testing
4.2.1. Context

Beta testing involved a comprehensive evaluation process with participants from the
Irish AECO sector. The beta testing phase was designed primarily to confirm the suit-
ability of the toolkit for industry application; assess the coverage of relevant digital ma-
turity dimensions, sub-dimensions, and assessment questions; evaluate usability across
both SMEs and larger organisations; and collect detailed practitioner feedback to support
further refinement of the tool. To achieve this, a cohort of 20 participants, representing
various organisations within the sector, were invited through targeted email invitations
to participate in the evaluation. As participation was voluntary and required in-person,
one-to-one assessment sessions, the sample may reflect a degree of self-selection bias, po-
tentially attracting practitioners who were already more digitally engaged or interested in
BIM-related practices. Nevertheless, the objective of the beta testing phase was to evaluate the
toolkit’s operational validity, usability, and practical applicability in organisational settings,
rather than to derive statistically representative conclusions about the digital maturity of the
wider AECO sector. The testing methodology involved individual interactive sessions with all
participants, each lasting approximately 90 min. These one-on-one assessment sessions lead
to a comprehensive assessment of the toolkit’s features and functionalities. Participants were
encouraged to engage with the toolkit directly, simulating real-world applications and scenar-
ios relevant to their professional roles. Throughout the sessions, participants were asked to
provide feedback on their experiences, focusing on aspects such as user-friendliness, maturity
aspects adequacy, practical applicability, and potential areas for improvement. Feedback was
collected through a structured questionnaire, ensuring consistent and comparable data across
all participants. The combination of interactive testing and structured feedback collection
facilitated a thorough evaluation of the toolkit’s potential impact on the Irish AECO sector.
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Table 1. Maturity level matrix.

Maturity Levels

Level 1—Initial

Level 2—Planned

Level 3—Defined

Level 4—Managed

Level 5—Optimised

Description

Processes are unstructured, and
success depends on individual
efforts. Lack of formal standards
and protocols.

Processes are planned and
documented, with repeatable
success. Basic BIM standards

may be recognised.

Processes are defined,
standardised, and
documented. BIM practices
are integrated into
workflows.

Processes are measured and
controlled. BIM analytics
inform decision-making

and continuous
improvement.

Continuous improvement
of BIM methodologies
drives innovation and
business intelligence.

Dimension

Sub-Dimension

BIM Training and Education

Minimal awareness of BIM;
training is inconsistent or
non-existent.

Occasional BIM training
sessions; growing awareness of
BIM’s importance.

Regular training programs;
increasing proficiency in
BIM.

Advanced training;
specialised BIM roles
developed.

Continuous learning
culture; thought leadership
in BIM education.

People, Process, and Culture

Limited understanding of BIM Recognising BIM benefits; . . Full organisational BIM is central to the
- . . . : . X Widespread understanding . L
BIM Awareness benefits; sporadic use without discussions on implementation , R X awareness; BIM is a core organisational ethos and
. of BIM’s strategic benefits. .
formal strategy. are in place. business strategy. culture.
Low competency with basic BIM Developmg. competencies fgr lfey Broadly improved BIM . ngh competency; Recognised expertise in
BIM Competency functions personnel; increasing familiarity competency; standard use innovation in BIM use is BIM; reference point for
’ with BIM tools. of BIM tools in projects. encouraged. best practices.
Planned approach and openness Structured change Proactive change Excels at predicting change;
BIM Change Management Resistance to change; BIM - . management practices . ; ’
= . to change; discussions on - management; agile and trendsetter in BIM
and Adaptability considered as a burden. ) " embrace adaptive 7 . .
managing transitions. . innovative. methodologies.
methodologies.
BIM Leadership and Leadership is unaware of or Few leaders support BIM BIM is part of the leadership ~ Leadership actively drives Inspirational BIM
Support unconvinced by BIM advantages. projects. agenda. BIM initiatives. leadership.
. Collaboration is incidental, not Pockets of collaboration Collaborative culture is Strong culture of Colla.bor.ahon transcenfis
Collaborative Culture . . organisational boundaries.
collaboration exists.

systemic.

emerging.

fostered and encouraged.

Dimension

Sub-Dimension

Level 1—Initial

Level 2—Planned

Level 3—Defined

Level 4—Managed

Level 5—Optimised

BIM Certification
(EN ISO 19650)

Unfamiliar with the standard.

Consideration for certification;
some employees may be
certified.

Certification achieved for
key individuals or the
organisation.

Continuous improvement
beyond certification.

Certification emphasises
leading-edge practices and
continuous improvement.

BIM Experience

Little to no practical experience;
BIM not integrated into projects.

Initial projects undertaken;
experiential learning in
progress.

Consistent application of
BIM; sharing of best
practices.

Extensive experience across
successful projects.

Recognised for innovative
BIM applications.

Technology

BIM Usage for Data Sharing,
Collaboration, and
Integration

Infrequent, manual data sharing;
limited collaboration.

Basic digital tools and early
collaboration stages.

Effective sharing and
collaboration; smoother
integration.

Streamlined and automated
workflows.

Leveraged for predictive
analysis and integrated
delivery.

BIM Technology

BIM technology usage is ad hoc,
uncoordinated, and driven by
individual preferences.

BIM technologies are selected
more strategically based on
specific project needs.

BIM technology integrates
into practice, with

interoperability considered.

Advanced BIM technologies
enable high interoperability
and customisation.

BIM tools and integrated
solutions support
enterprise-wide digital
innovation.

https:/ /doi.org/10.3390/buildings16071305


https://doi.org/10.3390/buildings16071305

Buildings 2026, 16, 1305

14 of 30

Table 1. Cont.

Policy and Governance

Maturity Levels Level 1—Initial Level 2—Planned Level 3—Defined Level 4—Managed Level 5—Optimised

BIM Policv and Strate No or less familiarity with Initial strategy development; Policies aligned with Fully integrated strategy Dynamic strategy evolving
y 8y defined policy or strategy. draft policies. business objectives. with regular updates. with the industry.
Unstructured data - . . . .
BIM Data Management management; frequent data Beginning to organise and Established prgcedures, Advanced systems with l?ully m'tegraFed system
loss. structure data. central repositories. analytics. with business intelligence.
BIM Standards and No or minimal adherenc.e to Early adoption of stanf:lards; Full compliance with Continuous refinement and  Industry-setting standards
standards; non-standardised internal protocols in .
Protocols standards. optimisation. shared broadly.
processes. development.
BIM Legal and Contractual Contracts overlook BIM Initial incorporation of BIM in Clearly outlined roles and Proactive risk management Advanced legal and

Aspects

requirements; unclear risks.

contracts.

responsibilities.

practices

contractual innovation

BIM Integration with
Existing Processes

No or minimal integration.

Some project-specific efforts.

Good integration.

BIM enables innovation.

Integral to all business
processes.

Cyber Security

No or minimal focus on cyber
security.

Basic practices with growing
awareness.

Integrated strategies
tailored to BIM processes.

Advanced proactive
measures.

State-of-the-art security
with improvement.
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4.2.2. Participants

In the construction sector, organisations are classified into Tiers 1 through 4, based on
their position within the supply chain [54]. Tier 1 organisations act as principal contractors
or enterprises, employing over 250 individuals. Tier 2 organisations are large subcontrac-
tors or enterprises employing 100-249 individuals. Tier 3 comprises small organisations
with 50-99 individuals, while Tier 4 organisations are micro enterprises with less than
50 employees. The DMGAT was tested with 20 participants from various organisations
within the Irish AECO sector, with a focus on Tier 1 organisations that are likely to be
industry leaders in digital adoption. Although the beta testing involved 20 participants,
each assessment session was conducted in person, with the researcher personally visiting
the participating organisations to administer the toolkit and collect detailed and effec-
tive feedback. This approach was adopted to ensure consistency, depth of engagement,
and accuracy in evaluating the toolkit’s practical usability and relevance across different
organisational contexts.

The inclusion of SMEs (Tier 3 and Tier 4), representing 20% of the sample, was
intentional to ensure that the beta testing captured the perspectives of organisations facing
distinct digital maturity challenges, including limited resources, lower levels of in-house
digital expertise, and slower technology adoption. Their participation provided important
insight into the barriers and support needs of smaller organisations, which differ from
those of larger firms considered as digital leaders in the industry. At the same time, the
stronger representation of Tier 1 organisations reflected their more established role as
digital adoption leaders within the Irish AECO sector, making their feedback particularly
valuable for evaluating the toolkit’s structure, maturity logic, and benchmarking potential.
This sampling approach therefore balanced advanced digital maturity perspectives with
the practical realities of smaller firms, thereby improving the relevance and applicability
of the DMGAT across the wider Irish AECO sector. The beta testing sample included
one participant from a Tier 4 (micro-enterprise) organisation, representing 5% of the total
sample. Although this inclusion is valuable in demonstrating that the toolkit can be
applied across different organisational scales, the representation of micro-enterprises is too
limited to support statistically meaningful conclusions for this category. Therefore, findings
related to Tier 4 organisations should be interpreted as exploratory only and should not be
generalised to the wider SME or micro-enterprise sector.

The participants profile, as shown in Figure 6, includes information on their experience
and involvement within the AECO sector, both digitally and generally. These participants
were selected from a range of organisations, including Tier 1, Tier 2, Tier 3, and Tier 4
organisations, operate in various roles within the Irish AECO sector, including clients,
consultants, contractors, and developers, as shown in Figure 7. These organisations play
distinct roles in project execution and decision-making processes. Consultants primarily
provide expert advice and strategic planning, while clients focus on project requirements
and outcomes. Contractors and developers are responsible for the actual development and
construction activities on site. This diversity ensures a comprehensive evaluation of the
toolkit’s effectiveness and relevance to industry needs. Figure 7 illustrates the distribution
of participants based on their roles within the industry. The sample comprises various
roles including BIM coordinators, architectural technologists, project leads, estimators or
quantity surveyors, BIM managers, BIM leaders, professional bodies, project managers, and
interior architects. This distribution highlights the diverse representation of roles among
participants, reflecting a broad spectrum of operations within the AECO sector. Participants
shared diverse perspectives on the toolkit’s suitability. Feedback was collected in four
main areas: the overall perception of the toolkit’s relevance and impact, an evaluation
of its usability and support required, an assessment of its relevance and scope, and key
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observations and suggestions for improvement. This structured approach ensured detailed
and consistent feedback, facilitating a balanced evaluation of the toolkit. The iterative
development process was informed by the findings from this phase, enhancing the toolkit’s
capacity to meet the various needs of professionals in the Irish AECO sector.

Estimator/QS e
Project Manager 5
Interior Architect | -
BIM Coordinator [ G|
BIM Coordinator I 7|
Project Lead [ e
Professional Body 8
Architectural Technologist S
Project Lead 8
kS BIM Coordinator T S
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BIM Leader S 10
BIM Leader 10
BIM Coordinator i
Architectural Technologist ‘_‘
Estimator/QS iy
BIM Coordinator D
BIM Coordinator | —|
Architectural Technologist | —|
BIM Manager [N . E
Years
M General Experience m Digital Experience
Figure 6. Participant details: role and experience in the AECO industry.
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Figure 7. Overview of organisational context and participant roles.
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Aspects

4.3. Results and Key Findings
4.3.1. General Perception

The overall perception of the DMGAT among the 20 participants was highly positive,
with respondents emphasising its clarity, structure, and relevance. Participants praised the
toolkit’s user-friendly design and ability to reflect organisational digital maturity. A Tier 1
participant valued its comprehensiveness, while Tier 3 and 4 participants highlighted its
clear results and potential as learning resource. The toolkit’s alignment with ISO 19650
standards reinforced its credibility.

Figure 8 illustrates participants’ perceptions across initial impressions, organisational
benefits, and role-specific benefits. A five-point Likert scale from “Poor” (1) to “Excellent” (5)
was adopted for its common use in digital maturity and organisational assessments, ease of
respondent interpretation, and suitability for ordinal data analysis [83]. Initial evaluations
were positive, with the toolkit predominantly rated as “Excellent” or “Good.” Regarding
organisational value, most respondents rated it as either “Excellent” or “Good,” with a minority
assigning an “Average” or “Fair” rating. For role-specific benefits, ratings were consistently
“Excellent” or “Good,” reflecting strong perceived personal value. Users recommended that
clearer guidance and customisable options would improve the toolkit’s applicability.

Benefits for Role 40% 60%

Benefits for Organisation 45% 45% 5% 5%

Initial Impression 85% 15%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

M Excellent ~ m Good W Average m Fair  ®Poor

Figure 8. Participants’ general perception of the tool.

Qualitative feedback revealed that the toolkit was well received in multiple areas, with
the highest level of enthusiasm observed at the initial impression and maintained through
the recognition of its perceived benefits. The drop in “Excellent” ratings from the initial
impression to the assessment of applied benefits, as shown in Figure 8, highlights the need
for refinement in adaptability across various organisational sizes and the customisation
to specific roles. The positive feedback confirms the toolkit’s design and alignment with
ISO 19650 standards, building user trust. The DMGAT has gained reliability and industry
relevance, with the potential to enhance digital maturity in both large companies and SMEs.
Its reception is particularly significant within the Irish AECO sector, as it aligns with the
sector’s ongoing efforts in digital adoption.

From an analytical perspective, the pattern in Figure 8 suggests that participants
responded more strongly to the toolkit’s conceptual clarity than to its immediate applied
value within all organisational settings. This distinction is important because it indicates
that the DMGAT has already achieved one of the study’s core objectives, namely the
development of a credible and understandable assessment tool but still requires refinement
to improve contextual fit across different organisational tiers and professional functions.
The contrast between strong initial impressions and slightly more moderated ratings
for organisational and role-related benefits also implies that respondents were able to
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distinguish between general acceptance of the tool and its practical utility in their own
working environment, which strengthens the validity of the feedback obtained.

4.3.2. Usability, User Experience and Support

Figure 9 presents feedback on navigation, user experience, and support features, using
colour codes to represent five-point Likert-type scale ratings. For support requirements,
one-third of the participants rated the toolkit as an “Excellent” and “Good” resource,
requiring no additional support, while others rated it “Average” and “Fair,” suggesting that
instructional and guidance videos would be helpful. Some participants believed substantial
government support is necessary, while others indicated limited support such as incentives
for SMEs would be sufficient. Regarding user-friendliness, half of the participants rated
the toolkit as “Excellent” and the other half found it “Good” in terms of ease of learning,
clarity of instructions and labels, logical layout and design, and suitability for non-expert
users. For ease of navigation including structure, hierarchy, tab flow, forward /backward
movement, progress indicators, and section locating, the majority rated it “Excellent” while
a small portion of participants rated it “Good.” Although the navigation ratings are high,
the split between excellent and good ratings indicates room for improvement.

The usability findings show a clear contrast between the technical accessibility of
the toolkit and the level of external support perceived to be necessary for wider adop-
tion. While navigation and user-friendliness were rated very positively, support-related
responses were more varied, indicating that ease of use alone may not be sufficient to
ensure implementation across all organisational contexts. This suggests that the toolkit itself
is functionally accessible, but its uptake may still depend on organisational readiness, digital
capability, and the availability of supporting resources, particularly for smaller firms with
limited internal expertise. In relation to the study objectives, these findings are important
because they demonstrate that the DMGAT is operationally usable, while also highlighting that
implementation strategies may need to extend beyond interface design to include guidance
materials, onboarding support, and possibly sector-level enabling mechanisms.

Support / Resources Required 25% 20% 40% 15%

Aspects

User Friendliness 50% 50%

Navigation through the tool 80% 20%

0% 20% 40% 60% 80% 100%

M Excellent ™ Good ™ Average MFair ™ Poor

Figure 9. Users’ insights on tool usability, experience, and support/resources needed.

These findings confirm that while the DMGAT is user-friendly and well structured,
external support will be key to maximise its impact. The varied perspectives on government
support reflect diversity within the Irish AECO sector, where resource-rich Tier 1 firms easily
adopt such tools, while SMEs face challenges. This highlights the need to enhance technical
usability and address structural conditions to promote widespread adoption. In Ireland, where
SMEs dominate the construction industry, government support is crucial for the toolkit’s
accessibility and implementation across organisations for successful BIM adoption.
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4.3.3. Relevance and Coverage

The participants rated the DMGAT’s relevance and coverage of maturity aspects highly,
as shown in Figure 10. The toolkit effectively addressed digital transformation challenges
and evaluated digital maturity aspects. In assessing the toolkit’s relevance and coverage,
four components, including participant satisfaction with metrics, alignment with digital
transformation challenges, assessment of relevant aspects, and absence of maturity aspects,
were considered. Most respondents rated the toolkit’s performance metrics capabilities
as “Excellent” or “Good,” indicating consistent satisfaction. In terms of relevant aspect
assessment, most respondents described the toolkit as “Excellent” or “Good,” while a small
portion considered it “Average”, suggesting the need for role-specific evaluations.

The toolkit received high ratings from participants for its alignment with digital
transformation challenges. Participants rated it “Excellent” and “Good,” highlighting
its importance in addressing digital transformation challenges, and found it well suited.
Responses indicated a generally positive perception of maturity aspects coverage, with
many ratings classified as “Excellent” or “Good.” However, a notable portion rated them
as “Average” or “Fair,” highlighting opportunities for improvement such as customised
assessments for clients, consultants, contractors, and asset management teams. Overall, the
feedback confirms the toolkit’s effectiveness while indicating potential for customisation.

Perforamce matrix and capabilities 80% 20%

%) Relevant aspects assessment 60% 35% 5%
@
o
9]
< Allignmet with current DT challenges 55% 45%
Maturity aspects adequacy 35% 30% 25% 10%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

B Excellent m Good B Average M Fair B Poor

Figure 10. Users’ perception of the relevance and coverage of the tool.

The findings reveal high satisfaction with current performance measurement systems,
comprehensive coverage of maturity aspects, and strong alignment of the DMGAT with
digital transformation challenges, alongside areas for improvement. In the Irish AECO
sector, BIM adoption remains limited among SMEs, while larger organisations lead in this
domain [84,85]. This deviation highlights the challenge of designing a framework that ac-
commodates both digitally advanced Tier 1 organisations and resource-constrained smaller
firms. The toolkit’s alignment with industry standards enhances legitimacy, though partici-
pants call for role-specific questions to address stakeholders’ individual needs. Analytically,
these findings suggest that the DMGAT is already robust in its overall strategic framing and
coverage of digital maturity domains but requires greater sensitivity to stakeholder-specific
and organisationally differentiated application. The mixed responses do not indicate weak-
ness in the framework itself; rather, they point to the need for further refinement in tailoring
the tool to the priorities of different user groups. This has direct implications for future
development of the toolkit and supports the study objectives by demonstrating both its
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broad sectoral relevance and the importance of more nuanced maturity assessment across
organisational tiers.

4.4. Key Observations and Recommendations
4.4.1. Initial Impression of the Tool

The initial impression feedback indicates a strong endorsement of the tool, along with
some key observations from the participants. Users noted its “very user-friendly interface,”
with “clear and concise questions,” and “easy-to-follow instructions,” highlighting that
“results are graphically clear, effective and easy to understand.” The tool’s structure was
observed as “well-structured and aligned with ISO-19650,” allowing users to “clearly
identify gaps from visuals” and “easily understand the questions and clear sections.” A
frequent positive theme we observed was its ability to “reinforce understanding of the
company’s basic maturity level and provide valuable insights for improvement.” Users
also noted that it “covers significant aspects of BIM maturity,” and evaluated it as an
“excellent starting point for any organisation that wants to see where they are on their own
BIM journey.” A participant shared his organisation experience that “they had previously
worked with a paid BIM consultant to obtain similar outcomes,” highlighting the free
availability and impressive capabilities of this tool. Another participant from a Tier 1
organisation was “initially sceptical about the BIM training section, but it eventually
revealed the gaps in the organisation’s BIM maturity” that the participant had anticipated.
Additionally, respondents specifically recommended enhancing the tool by “maintaining
a user-friendly interface with clear and concise questions, aligning marketing materials
with ISO-19650 standards, emphasising actionable training and improvement insights,
and ensuring visuals enhancement to clearly identify the gaps”. The feedback emphasises
the significance of promoting its professional, well-explained, and friendly design by
highlighting its strengths in clarity, industry alignment, and actionable outputs to maximise
organisational impact.

4.4.2. Navigation Through the Tool

The participant feedback regarding the tool’s navigation was positive. A participant
from a Tier 2 organisation described it as a “simple enough and well-organised spreadsheet
with all the necessary guidance available”. The user interface was described as “easy to
navigate,” with “clearly articulated and well-structured questions” enhancing the intuitive
use of the tool. Similarly, it was also observed that “the details provided for each level,”
and “easy-to-follow instructions” followed by a “well-structured and engaging interface”
further facilitate smooth user navigation. Specific features like “colour coding for sections”,
“prompting of questions with level details,” and “scores dropdown,” were identified as key
improvements for enhanced readability and visual presentation. Further recommendations
from users included prioritising its “online availability in the future to facilitate wider
industry stakeholders” to enhance accessibility, maintaining “colour coding for sections” to
ensure visual clarity, and continuing to refine the “general layout and design” to sustain user
engagement. The feedback underscores the tool’s capability in balancing simplicity with
functionality, encouraging developers to maintain its “uncomplex, well-defined questions
and answers” while also addressing the demand for broader access. A participant provided
overall feedback expressing that he was “very impressed by the clear guidance, logically
separated tabs, and the clarity of results presented in pre-established graphics”.

4.4.3. User Friendliness of the Tool

The tool’s user-friendliness was frequently highlighted by participants, with specific
strengths noted such as “logical layout,” with “coherently structured format,” and “pre-
cisely formulated questions with clearly defined levels.” Users noted the tool’s “Microsoft

https:/ /doi.org/10.3390/buildings16071305


https://doi.org/10.3390/buildings16071305

Buildings 2026, 16, 1305

21 of 30

Excel-based” design as “intuitive and accessible for all users.” Participant feedback high-
lighted the tool’s highly intuitive and user-friendly nature, with remarks that it was “highly
user-friendly with clear explanations and an intuitive interface,” making the tool “self-
explanatory” with “accessible design,” to “answer the questions clearly for completing the
assessment.” Additionally, it was also observed that “answering the questions requires
detailed knowledge of BIM, which is appropriate for BIM leaders in an organisation.”
Respondents encouraged developers to “maintain the Microsoft Excel-based interface”
for its equal familiarity and high accessibility for both large and small organisations. The
consistent acclaim for its clean layout and ease of use strengthens its standing as a great
tool, yet users recommend some future updates and improvements.

4.4.4. Assessment Coverage of Relevant Aspects

The toolkit’s comprehensive assessment of relevant aspects received strong approval
from participants. A participant from a Tier 1 organisation described the toolkit as “ex-
tremely well aligned” with current digital transformation challenges, while another partici-
pant from a Tier 2 organisation noted its “clear language” and conformity with ISO-19650
standards. However, including role-specific assessment and refining the toolkit’s scope
were identified areas for improvement. Similarly, a participant from a Tier 1 public sector
organisation observed the assessment questions’ relevance, describing them as “excellent,
thought-provoking, and relevant.” A BIM coordinator highlighted persistent challenges in
“training or hiring suitable and qualified staff” and recommended focusing on “individual
skills assessment” to enhance usability. Similarly, a participant from a Tier 4 organisation
suggested “making technology-related questions more discipline-specific” to ensure rele-
vance across different roles. Another participant highlighted that “limited adoption of BIM
by small and medium-sized enterprises (SMEs) complicates effective benchmarking and un-
derscores the necessity for customisation” to address challenges specific to the industry and
organisational scale. A Tier 1 participant highlighted the “automatic updates of answers
for each question as you move” as a “stroke of genius,” eliminating the need to navigate
back and forth between tabs to understand level definitions. To further enhance the toolkit,
respondents suggested expanding assessment criteria, updating technology-related ques-
tions to align with current industry practices, and offering additional support for SMEs
to bridge BIM adoption gaps. The tool was recognised for its consistence performance,
well-organised structure, and adherence to established industry standards.

4.4.5. Support and Resources Required

Several participants noted that the toolkit requires no additional support, while others
suggested valuable improvements including comprehensive guidelines, developing a matu-
rity level matrix, and providing guidance videos to improve usability for non-expert users.
The tool’s user-friendly Microsoft Excel-based design was valued for its practicality and
seamless integration into daily workflows. Participants highlighted the tool’s intuitive de-
sign and noted that “software knowledge is required to complete” the assessment, although
it remains “pretty much self-explanatory,” with “guidance and explanations provided.”
Moreover, the tool was acknowledged for meeting stakeholder needs based on accurate re-
sult generation and gap identification. Several users identified challenges related to digital
adoption, particularly among SMEs with limited resources. The feedback highlights the
tool’s reduced reliance on external assistance while also indicates opportunities for targeted
support and functional collaboration to address the varied contexts of users. Collectively,
these insights highlight a balanced approach combining user-centred design and adaptive
support structures to drive successful adoption.
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In summary, most participants provided positive feedback, while several offered
positive comments accompanied by suggestions and recommendations, as outlined in
Section 4.4. Addressing these suggestions will ensure the toolkit’s continued relevance
and effectiveness to meet the industry needs. Furthermore, the feedback highlighted the
toolkit’s credibility and acceptance, while it also emphasised that its long-term success
will depend on addressing the user-specific refinements. In the context of Ireland, where
governmental policy increasingly promotes digital transformation, it is essential to ensure
the toolkit’s availability and adaptability, alongside the implementation of targeted support
mechanisms, to maximise the impact of DMGAT across the sector.

5. Discussion
5.1. Comparison of Alpha and Beta Testing

The alpha and beta testing phases fulfilled distinct but corresponding roles in vali-
dating the DMGAT. Alpha testing focused on design integrity, standards alignment, and
assessment clarity. It delivered four structural upgrades that reinforced all later results:

e Transition from the Bew and Richards maturity levels [82] to ISO 19650 maturity
stages [19,20].

e  Development of a maturity level matrix to link assessment questions to sub-dimensions
and maturity levels.

e  Refining and clarifying assessment questions to enhance their relevance and consistency.

e Enhancing the scoring and visualisation approach to ensure that outputs are both
interpretable and traceable.

These changes established a stable, standard-compliant tool before external testing,
ensuring that subsequent feedback relates to the tool’s suitability and capability for practice
rather than to basic design flaws.

In contrast, beta testing translated the same construct into real organisational con-
texts across 20 Irish AECO organisations (Tier 1:65%; Tier 2:15%; Tier 3:15%; Tier 4:5%),
revealing how well the tool performs under operational limitations and varied digital readi-
ness. Quantitatively, the findings showed a very strong first-use response and sustained
positivity when participants considered practical applications. Initial impressions were
consistently favourable, with most participants rating the experience highly. Similarly,
perceived benefits were positive at both the organisational and individual levels, reflecting
broad approval across different user perspectives. The toolkit’s suitability for performance
metrics and alignment with digital transformation challenges was well regarded. However,
perceptions of maturity aspects were varied, suggesting capacity for improvement. Support
expectations highlighted sector diversity, with responses ranging from no support needed
to request for substantial facilitation, especially among SMEs. The beta testing phase
was focused on identifying practical limitations and areas for improvement from the end
users’ perspective. Alpha testing led to initial reliability and usability impressions, with
a limited participant group, whereas beta testing engaged a broader audience to validate
functionality, industry relevance, maturity aspect coverage, and support needed under
real-world conditions. The progression from alpha to beta testing allowed for refinement
based on early positive responses along with suggestions for improvements, followed by
more detailed evaluation of practical application, coverage, and resource expectations.

Collectively, both testing progressions clarify the contributions of the two phases.
The alpha test confirmed adherence to standards, validated the construct, and ensured
precise measurement through alignment of ISO 19650 staging, maturity matrix, refined
questions, and maturity level scoring. The beta test confirmed high usability and practical
value in the AECO industry, while highlighting that strong first impressions softened
from “Excellent” to “Good” when respondents evaluated the practical benefits. This was

https:/ /doi.org/10.3390/buildings16071305


https://doi.org/10.3390/buildings16071305

Buildings 2026, 16, 1305

23 of 30

notably the case for organisation-level benefits and breadth of maturity aspects in contexts
that demand role- or discipline-specificity. Qualitative feedback converged on concrete
development directions that built on alpha test foundations: role-specific modules and
discipline-sensitive items (especially in the technology section), dynamic visualisation, and
concise onboarding materials (instructional video and guidance). The adoption challenges
faced by smaller firms are mainly due to structural factors rather than interface issues;
therefore, tool improvements should be complemented by sector-level support such as
personalised guidance and incentives that address the specific needs of SMEs. In summary,
alpha testing confirmed the robustness of the framework, while beta testing evaluated
its suitability and applicability in real-world contexts. Further improvements prioritise
accessibility for broad audiences, including role/discipline specific questions, as well as
SMEs-oriented support pathways, to ensure that the consistently positive perceptions
documented in the beta test translate into uniformly “Excellent” value in day-to-day use
across various organisational contexts.

5.2. Implications for Digital Maturity Assessments in the AECO Sector

The combined evidence from alpha and beta testing of the DMGAT highlights the role
of structured digital maturity assessments for AECO organisations. The DMGAT is aligned
with the needs of AECO stakeholders by incorporating the ISO 19650 maturity stages and
employing a maturity level matrix to link key performance indicators to maturity levels.
This design improves analytic traceability and allows organisations to connect performance
indicators to actionable priorities rather than static labels.

While the DMGAT primarily assesses an organisation’s current digital maturity, it also
facilitates gap analysis through the maturity level matrix, which defines the characteristics
and requirements associated with Levels 1 to 5 across the assessed dimensions. By com-
paring current maturity results against the descriptors of subsequent levels, organisations
can identify specific gaps in people, processes, technology, and governance, and they can
prioritise realistic improvement actions according to their context and readiness. In this way,
the toolkit supports staged and evidence-based digital progression rather than encouraging
organisations to pursue Level 5 as a universal endpoint.

Beta testing confirmed that maturity tools are diagnostic and can drive organisational
change. Larger firms use assessments to guide investments, benchmark standards, and
develop competencies. For SMEs, adoption depends on ease of use, resources, and institu-
tional support. Without these, maturity assessments risk widening the digital adoption gap
between advanced organisations and resource-limited ones. Thus, coupling the tool with
customised guidance and adoption pathways, especially for SMEs, enhances its value.

Technically, results showed strong expectations for the assessment process to be digital by
design. Calls for interactive dashboards, real-time updates, and web deployment suggest replac-
ing paper or spreadsheet workflows with scalable online platforms featuring dynamic visuals,
automated scoring, and role-aware interfaces. This shift reduces conflict, enables organisation
and sector-level analytics, and speeds up decision-making by multi-disciplinary teams.

Participants noted that integrated guides and instructional videos would improve
usability, especially beyond Tier 1 organisations. Feedback also revealed wide variation in
maturity aspects, indicating that role- and discipline-specific customisation is essential for
relevance to a range of stakeholders. The technology section must incorporate appropriate
language to various disciplines, including clients, consultants, contractors, and asset man-
agers, each requiring distinct perspectives. Similarly, extending the framework to include
individual competency assessment alongside organisational evaluation would provide
a more integrated digital readiness view, linking people, processes, culture, technology,
policy, and governance in one measurement system.
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Support barriers for smaller firms identified in beta testing are structural rather than
interface related. While some respondents noted that the DMGAT required little support,
many emphasised the need for government facilitation for SMEs. In Ireland’s AECO sector,
where digitalisation policy momentum is strong, SMEs” adoption remains uneven, making
public support critical [86].

Internationally, public sector bodies often lead BIM adoption via central hubs and
measurement frameworks [16,85]. In Ireland, the DMGAT could play a similar role as it
is aligned with international standards and further enhanced by a maturity grid. Large-
scale implementation with support could establish a shared language and evidence base,
facilitating exemplary projects, standardised reporting, and targeted support for lagging
areas [27,28,86]. Accordingly, a robust DMGAT serves as a valuable support for organisa-
tions in identifying areas need improvements and advancing their digital transformation
journey. In summary, the key impacts are as follows:

e Maintaining transparent assessment through clearly defined maturity stages and a
maturity grid ensures consistency and clarity in evaluating digital maturity.

e  Ensuring the tool is robust, role-aware, and supportive by incorporating accessibility
features, dynamic visuals, concise onboarding, discipline-sensitive language, and
individual competency assessments enhances relevance, usability, and adoption across
the AECO stakeholders.

e Embedding adoption within a policy environment that realistically addresses SMEs’
challenges and incorporates longitudinal data for continuous improvement supports
equitable digital transformation and bridges adoption gaps.

These impacts highlight that digital maturity tools must be adaptable, comprehensive,
and supported by targeted facilitation to effectively drive digital transformation and bridge
adoption gaps within the AECO sector. Together, these impacts position the DMGAT as a
practical tool that not only measures maturity but actively facilitates digital advancement
in the AECO sector.

5.3. Future Development Pathways for the Digital Maturity Gap Analysis Toolkit

The feedback obtained from alpha and beta testing serves as a roadmap for enhanc-
ing the toolkit by identifying areas for improvements, thereby making it a more effective
resource. This is particularly crucial within the Irish AECO sector, where digital transfor-
mation is prioritised, yet significant variations in resource availability exist between Tier 1
organisations and SMEs. Equally important is the inclusion of role-specific evaluation
to ensure that clients, consultants, contractors, and asset managers can engage with the
toolkit, reflecting their operational realities. Expanding the toolkit to incorporate individual
competency assessment alongside organisational-level evaluation could provide a more
holistic view of digital readiness, addressing the human dimension of transformation, in
addition to organisational processes. Future enhancements could also strengthen visualisa-
tion and colour-coded interfaces to simplify interpretation. Beyond technical improvements,
providing clear guidance will be crucial for supporting organisations in translating assess-
ment outcomes into practical actions. Finally, the potential to integrate assessment through
aggregation of dimensions offers an opportunity to generate industry-wide insights, thereby
positioning DMGAT not only an assessment tool but also a valuable resource for organisations
to identify gaps and enhance their digital maturity level.

6. Conclusions

This study presents the development and validation of a DMGAT through compre-
hensive alpha and beta testing. The toolkit assesses organisational digital maturity across
three integrated dimensions—processes, people, and culture; technology; and policy and
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governance—divided into 16 sub-dimensions and 69 assessment questions. A mixed-
methods approach within DSR principles was employed to systematically develop and
validate the DMGAT artefact for real-world application.

Alpha testing with experts from the in-house organisational research team led to
structural improvements, enhanced usability, and alignment with international standards
by adopting the ISO 19650 maturity stages. A maturity level matrix was developed to link
sub-dimensions with maturity levels. Feedback from alpha testing significantly improved
the toolkit, resulting in a more user-friendly and clearer interface.

The improved toolkit underwent beta testing with 20 participants from organisations
of varying sizes within the Irish AECO sector, encompassing a range of roles within the
industry. Feedback highlighted the toolkit’s clarity, user-friendliness, coverage of adequate
maturity aspects, alignment with current digital transformation challenges, and broad
applicability across industry stakeholders. Participants noted the graphical representations
for identifying digital maturity gaps. The toolkit was well received for its simplicity, clear
structure, ease of use, and quick completion. Beta testing yielded valuable insights to
improve the DMGAT. Participants suggested adding role-specific questions, improving the
clarity of questions, visual enhancement, and updating the technology section questions to
meet the needs of various industry stakeholders.

Overall, the DMGAT showed strong potential as a valuable tool for evaluating and
advancing digital maturity in the Irish AECO sector.

Limitations and Recommendations for Future Research

The limitations of this study are primarily associated with the sample size and compo-
sition utilised during the beta testing phase. The beta testing involved participants from
20 organisations across the Irish AECO sector, with a stronger representation of larger
and more digitally advanced organisations. These organisations were selected because
of their leadership roles in digital transformation and their capacity to provide informed
feedback; however, the relatively small sample size limits the statistical power and broader
generalisability of the findings across the sector. This constraint was also influenced by the
in-person nature of the assessment process, as the researcher personally visited participat-
ing organisations to administer the toolkit and collect detailed feedback. In addition, as
participation was voluntary and recruitment was conducted through email invitations, the
sample may reflect a degree of self-selection bias, potentially attracting participants who
were already more digitally engaged or interested in BIM-related practices, while digitally
reluctant stakeholders may have been underrepresented. This may have influenced the
feedback towards more favourable evaluations of the toolkit. Nevertheless, this phase
was intended primarily to confirm the toolkit’s suitability for industry application, assess
the relevance and coverage of its dimensions, sub-dimensions, and assessment questions,
evaluate usability across different organisational contexts, and gather detailed practitioner
feedback for further refinement.

A further limitation relates to the alpha testing phase, which was conducted by experts
from within the research team and associated project partners rather than by fully indepen-
dent non-developer participants. Although this approach enabled informed and efficient
refinement of the toolkit during early-stage development, it may have introduced research
bias in the evaluation of the artefact’s internal logic, structure, and functionality. This
limitation was partially addressed through beta testing with external AECO stakeholders.

A key limitation of the beta testing sample is the underrepresentation of Tier 4 (micro-
enterprise) organisations, with only one participant included in this category. While this
participant provided useful insight into the toolkit’s applicability in smaller organisational
contexts, the sample is not sufficient to draw reliable or generalisable conclusions about
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SMEs, particularly micro-enterprises. The findings relating to this category should therefore
be interpreted as exploratory rather than representative.

In addition, although the framework and question distribution were developed
through structured literature synthesis and expert validation, formal psychometric testing
of construct validity and internal consistency was not undertaken in this study. As a result,
the balance and robustness of the toolkit would benefit from further statistical validation in
future work.

Based on these limitations, future research should prioritise the following directions:

Future studies should involve a larger and more diverse sample, with stronger repre-
sentation from SMEs and micro-enterprises, to improve the robustness and generalisability
of the findings and enable more meaningful cross-tier comparisons.

Future research should incorporate more independent alpha-stage reviewers and
apply formal psychometric testing, such as factor analysis and reliability assessment, to
strengthen methodological rigour and confirm the internal consistency and construct
validity of the toolkit.

Future development should prioritise the introduction of role-specific modules and
more context-sensitive assessment pathways so that the toolkit can better reflect the dif-
fering priorities of clients, consultants, contractors, and asset management teams across
varied organisational settings.

Future work should prioritise the transition of the toolkit into an interactive online
platform to support easier administration, dynamic visualisation of results, wider accessi-
bility, and more scalable industry application. This development should also incorporate
explicit target-setting functionality, allowing organisations to define desired maturity states
according to their size, role, project context, and strategic priorities.
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https:/ /www.mdpi.com/article/10.3390/buildings16071305/s1, Supplementary Table S1: Traceability
Matrix Linking DMGAT Assessment Questions (AQ1-AQ69) to ISO 19650. Supplementary Table S1
provides detail on the assessment questions used in the DMGAT toolkit. The matrix identifies, for
each assessment question, the associated sub-dimension and toolkit dimension, together with the
primary ISO 19650 reference and the related ISO principle or concept used during toolkit develop-
ment. Where a question operationalises a broader information management idea rather than a single
verbatim requirement. The mapping is presented at the most defensible part or requirement-area
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outcome letter HREC-MR-24-023 for ethical approval from the hosting institute.

Author Contributions: Conceptualisation, R.U., J.H., TM. and A.E; methodology, R.U., ] H. and TM,;
validation, R.U.; formal analysis, R.U.; investigation, R.U., . H., TM. and A.F,; resources, ].H. and
T.M.; data curation, R.U., ].H. and T.M.; writing—original draft preparation, R.U.; writing—review
and editing, ] H., TM., A.F, M.O. and S.C,; visualisation, ].H., TM. and M.O.; supervision, ].H., TM.,
M.O. and S.C.; funding acquisition, ].H. and T.M. All authors have read and agreed to the published
version of the manuscript.

Funding: This research project is funded by the Build Digital Project, supported by the Department
of Public Expenditure, National Development Plan Delivery and Reform, Ireland.

Data Availability Statement: The original contributions presented in the study are included in the
article. Further inquiries can be directed to the corresponding author.

Acknowledgments: The research team would like to thank all the experts for their participation in this
study and sharing their valuable insights. The authors would like to acknowledge the support from
the Build Digital Project, funded by the Department of Public Expenditure, National Development
Plan Delivery and Reform, Ireland.

Conflicts of Interest: The authors declare no conflicts of interest.

https:/ /doi.org/10.3390/buildings16071305


https://www.mdpi.com/article/10.3390/buildings16071305/s1
https://doi.org/10.3390/buildings16071305

Buildings 2026, 16, 1305 27 of 30

Abbreviations

The following abbreviations are used in this manuscript:

BIM Building Information Modelling
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