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Abstract
The Swedish construction sector is moving toward more digital and model-based
ways of working, where BIM models are expected to contain more of the project
information. However, many projects still use Hybrid BIM, where models and tra-
ditional drawings are used in parallel. This creates uncertainties related to coor-
dination and responsibility. This thesis explores the potential benefits, challenges,
and consequences of using Total BIM in a Swedish construction context, with the
help of two additional indices, Model Maturity Index (MMI) and Function Maturity
Index (FMI). The study is based on a review of related work, five digital workshops,
interviews with industry actors, and a qualitative analysis of the collected material.
The study shows that MMI can make model-based work more structured by describ-
ing how mature model objects are and when they can be used for reviews, decisions,
procurement, production, or handovers. FMI can complement MMI by focusing on
the technical systems and functions. However, while MMI is more developed and
currently tested in pilot projects, FMI is still under early development in Sweden.
The study also shows that the main challenges are not only technical, but also or-
ganisational, contractual, and cultural. This requires better conditions, routines, a
common language, and more trust in model information if Total BIM, MMI, and
FMI are to work in practice. The thesis conclusion states that MMI and FMI can
support a Total BIM workflow in Sweden, but if it is implemented and adapted into
Swedish project standards, it needs to be useful and efficient for the people who will
work with it.

Keywords: Total BIM, Hybrid BIM, Model Maturity Index (MMI), Function Ma-
turity Index (FMI), AB25 & AB27, Promemoria (PM) changes
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Terminology

Below is a list of relevant terms that have been applied in this report, sorted in
alphabetical order:

AB25 & AB27 An upcoming Swedish contractual standard frame-
work for the construction industry that will give dig-
ital models a more central and legally significant role
in project delivery. However, due to delays in publi-
cation, the framework is referred to as AB27 from the
result chapter onwards. Both terms refer to the same
proposed contractual framework.

Function Maturity Index
(FMI)

A framework used to define and track the maturity of
functions and technical systems throughout the con-
struction process.

Hybrid BIM A working approach in which traditional 2D drawings
and BIM models are used in parallel as sources of
project information.

Model Maturity Index
(MMI)

A system used to define and track the maturity level
of individual objects within a BIM model throughout
different stages of a project.

Promemoria (PM)
changes

A written document used to present analyses,
changes, considerations, proposals, or recommenda-
tions on a specific topic. Within the construction in-
dustry, PM changes are commonly used to communi-
cate technical, legal, or project-related matters among
project stakeholders.

Total BIM A model based approach in which the BIM model
serves as the primary and shared source of information
throughout the entire project lifecycle.
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1
Introduction

The Swedish construction sector is undergoing a comprehensive digital transfor-
mation in which Building Information Modeling (BIM) is increasingly used as the
main carrier of information in the design and production phases of different projects
[1], [2]. Despite this, significant challenges remain related to information manage-
ment, responsibility allocation, and coordination between stakeholders [2]. A lack
of structure in the information maturity of models can lead to uncertainty about
constructability, late design changes, and increased costs in the form of promemoria
(PM) changes (additions, alterations, and omissions).

Traditionally, drawings and documents have served as the governing contractual
basis, but the development is moving towards digital models that assume a more
hierarchically superior role in contractual contexts [2]. Upcoming Swedish contrac-
tual standards (AB25) indicate that digital deliverables will increasingly be given
precedence in the contract hierarchy [1], [3]. This creates new requirements for clar-
ity in model information content, allocation of responsibilities, and levels of maturity.

In parallel with the increasing use of BIM in both design and production, new
approaches have emerged that aim to further integrate and streamline digital infor-
mation flows in construction projects. One such development is the concept of Total
BIM, which describes an approach in which the BIM model serves as a single source
of information throughout both design and production, without relying on separate
2D drawings [4], [5]. In contrast, many current practices can be described as Hybrid
BIM, where digital models are primarily used for design and coordination, while
production is still governed by drawings extracted from the model. This parallel
structure creates an incomplete integration of BIM into the construction phase and
highlights ongoing challenges in achieving a fully model-based workflow [4].

This development is closely related to broader changes in how digital models are un-
derstood and used within construction projects. In this context, increased demands
regarding information consistency, accessibility, and the contractual status of model
data, are becoming more prominent.

Model Maturity Index (MMI) emerges as a structured framework for defining and
communicating the level of information maturity in BIM models [6], [7]. By de-
scribing the maturity level of model objects using standardised levels, the develop-
ment stage and information content of the model can be clarified throughout the
different phases of a project [6]. This creates a common language among project
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1. Introduction

stakeholders and enables a clearer connection between model information maturity,
constructability, and decision-making, which can contribute to a more transparent
and controllable design and production process.

The Function Maturity Index (FMI) complements MMI by describing the maturity
level of technical systems and their functional completion throughout the project
lifecycle [6], [7]. FMI is used to clarify the status of technical installations and
systems and to ensure that they progressively achieve the intended functional re-
quirements throughout the different phases of the project [6]. Together, MMI and
FMI can thus contribute to more structured information management and improved
communication among project stakeholders.

In Norway, MMI has been established as an industry-wide method for structuring
the development of BIM models and linking the status of model information to
project decision-making processes and production needs [6]. The use of maturity
indices has contributed to a shared understanding of project status and supported
a more systematic monitoring of both model information and technical systems
throughout the project lifecycle. Experiences from Norwegian projects suggest that
a maturity-based approach can function as an effective governance tool for coordi-
nation, decision-making, and constructability control.

The growing use of MMI in Norway has also begun to influence developments in
Sweden. One notable example is the Kaj 16 project in Gothenburg, where maturity-
based model management is being explored as a means of improving information
transparency, coordination, and decision-making throughout the project lifecycle.
This indicates that the principles underlying MMI are beginning to gain practical
relevance within a Swedish context.

Despite these developments, the application of maturity-based approaches in Swe-
den remains limited and has not yet reached the level of industry-wide adoption as
seen in Norway. Furthermore, while MMI is currently being tested in practice, FMI
has not achieved a comparable level of implementation. This is largely because FMI
remains less clearly defined and lacks the degree of standardisation and industry
consensus currently associated with MMI.

As a result, there is still limited knowledge regarding how MMI and FMI can be ef-
fectively adapted and implemented within the Swedish construction industry. Given
the similarities between the Norwegian and Swedish construction sectors, this raises
important questions regarding the transferability of maturity-based approaches and
their potential role in supporting a transition towards more model-based workflows
in Sweden.

2



1. Introduction

1.1 Purpose
The purpose of this master thesis is to investigate the potential role of Total BIM,
together with two supporting indices, MMI and FMI, in the Swedish construction
process. The study examines how these indices can contribute to more efficient
information management within a Total BIM environment. The study aims to ex-
plore and analyse how a maturity-based framework can support existing design and
production workflows throughout the project lifecycle. Furthermore, the report in-
vestigates how MMI can be described as a common language for maturity, status,
and usability at the object level.

The thesis based on that MMI is already established in Norway, where it functions
as a governance mechanism, linking model information maturity to buildability and
decision-making. To enable a transition towards a Total BIM environment, industry
practices, contractual structures, and the indices’ role in the construction sector are
considered, using the Norwegian implementation as inspiration.

Furthermore, the study considers the ongoing development of Swedish contractual
standards, where digital models are expected to assume a higher governing role
within contractual frameworks (AB25). Against this background, the thesis explores
how MMI and FMI can serve as a structured framework to clarify responsibility, in-
formation maturity, and functional reliability in a construction process.

In collaboration with industry actors, the study ultimately seeks to explore the
potential for the construction sector to successfully transition towards a model-
based workflow and identify what is required to achieve this. In doing so, the study
not only considers the technical aspects, but also the governance factors such as
organisational, contractual and procedural.

1.2 Questions
To fulfill the purpose of this master’s thesis, the study explores the following re-
search questions:

1. How can MMI and FMI support information management within a Swedish
Total BIM environment?

2. How can MMI function as a common language for describing information ma-
turity, status, and usability at object level?

3. What opportunities and challenges are associated with potentially applying
MMI and FMI within the Swedish construction industry, considering current
industry practices, contractual structures, and governance frameworks?

3



1. Introduction

1.3 Limitations
This study was limited to examining how the MMI, supported by the FMI, can be
adapted within the Swedish construction process, with primary focus on the design
and review phases. Although the adaption could affect the overall information flow
throughout the project lifecycle, the operation and facility management phase was
not examined in detail.

The research was based on interviews and workshops with disciplines across the con-
struction industry and was therefore not connected to a specific project or a single
organisation. Therefore, the empirical material, in which the results and analysis
were based on, will be an interpretation of subjective findings such as experiences
and perspectives. This means that the findings might be influenced by subjective
opinions rather than representing an objective standpoint. However, this was still
considered empirical material, as it provides insight on how Total BIM, MMI and
FMI are perceived and used in practice.

Furthermore, the workshop and interview participants were also well versed in digi-
talisation which could create a risk of bias. This was taken into consideration when
analysing the discussions in the workshops and interviews by identifying recurring
themes and contradictions. This approach helped reduce the influence of individual
opinions and perspectives, which also helped to strengthen the validity of the find-
ings.

To gain an understanding of how Total BIM and MMI could be adapted in the
Swedish construction industry, references from the Norwegian construction sector
were researched. This was done through participation in workshops in collabora-
tion with stakeholders from Norway and actors who have worked or work with them.

Furthermore, the thesis did not include a comprehensive legal analysis of the Swedish
standard contracts (e.g., AB/ABT) or forthcoming revisions of general conditions
(such as AB25). These conditions were addressed at a comprehensive level to ex-
amine how MMI and FMI may align with a contractual framework in which digital
models are expected to assume a more prominent governing role.

Finally, the study did not involve the development of a technical BIM system or
detailed software solution. Instead, the focus was on the organisational, procedural,
and conceptual adaptation of MMI and FMI as governance frameworks for informa-
tion maturity and allocation of responsibilities.

1.4 Disposition
This thesis begins with an introduction that provides an overview of the background
of the studied topic, its relevance, and its connection to developments within the
construction industry. Furthermore, the purpose of the report, the research ques-
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1. Introduction

tions it aims to answer, and the limitations within which the study is conducted are
presented, see chapter 1.

Subsequently, the report presents the background and related work concerning the
studied area, see chapter 2. The various chapters cover topics ranging from the fun-
damental concepts of the construction process to Total BIM, MMI and FMI, and
further to sustainability goals.

The following chapter describes the methodology, including the design of the study,
the data collection process, and the development of the interview questions that
were applied, see chapter 3. Transparency regarding the use of AI is also addressed.
The results are then presented in chapter 4, consisting of both findings of the inter-
views and the five workshops that were analysed. This is followed by an analysis
and discussion section in chapter 5, where the results are compared with the findings
presented in chapter 2.

The final part of the report addresses the conclusions of the study, see chapter 6, and
provides suggestions for future research, see section 6.1, highlighting areas that were
not explored in detail within the scope of this report. Furthermore, the references
used throughout the study are presented, followed by Appendix A, which contains
the interview questions.

5
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2
Background and related work

This chapter presents the background and related work relevant to the study. The
purpose is to provide the necessary context for understanding the research area,
establish the theoretical foundation of the study, and position the research within
existing industry developments and practices.

2.1 Construction processes and documentation
There are several key processes in a construction project that symbolise changes in
what is prioritised and what is occurring [8]. These key processes can also be used
to illustrate the progress of a project and identify which documents are necessary
and should be presented, see Figure 2.1.

Figure 2.1: An illustration of the different stages in a construction project, its
associated documents and procurement processes [8].

Starting from the project concept phase, the project is developed through the com-
bination of a client coming up with an idea for a construction project and creating
project delivery goals[9]. In this stage, the client chooses how the construction
project is to be carried out, whether through turnkey, general, or execution con-
tracts.

7



2. Background and related work

During the project concept phase, after an idea has been formed, the client needs
to conduct pre-studies by procuring different consulting services to develop, for in-
stance, a programme document [9]. It is also at this stage that the client, with
the help of consulting services, can determine the need for a construction permit,
whether areas or existing construction need to be reused, or whether the project
requires the development of a whole new area. This process is necessary because
a construction project is often complex and requires the coordination of many ac-
tors involved in a high-budget project. Therefore, it is recommended to develop
a strategy by setting reasonable goals and milestones to create an efficient project
workflow. Lastly, it is mentioned that sustainability goals are also defined early in
the pre-study phase.

The next phase after the project concept is the design phase [10]. This phase is
initiated after a construction idea has been finalised and a programme document
has been created and agreed upon. In this phase, the ideas and processes are put
into practice to achieve the goals and conditions set during the pre-study phase by
the client. During the design phase, the client will require the procurement of addi-
tional consultants to cover the internal knowledge gap within the project team. This
phase emphasises planning, strategising, and making accurate decisions, as project
delivery is heavily dependent on the workflow between the realisation of a project
idea and the finished construction.

During the design phase, the team is also expected to meet the expectations of the
client and develop relevant strategies and implementation approaches to achieve the
client’s goals. If the task is deemed too large for the procurement contracts, addi-
tional contracts are expected to be created between the consultant and the client to
ensure that a proper workflow is followed. To efficiently manage the project manage-
ment process, project managers are often tasked with coordinating work. To more
efficiently manage the design phase, a project planning document is also created.
Lastly, because of a result of a final design phase, the construction project enters
the build phase [11].

Throughout the duration of a construction project, there are several types of doc-
uments that provide information regarding how it will be carried out [12]. These
documents include information on how the construction project will comply with
laws and regulations, how it should be carried out efficiently, as agreed upon by the
actors, and how the contracts are adhered to by the different actors.

As a construction project consists of many different processes, different types of
documents are also required at different stages of the project [12]. Beginning with
the programme documents, these are usually created at the beginning of a con-
struction project and consist of information required for the project to start. In the
programme documents, content such as the client’s requirements and expectations
for the construction project can be found.

In addition, in the construction process, the requirements stated in the programme

8



2. Background and related work

document require complementary documents that contain more details about the
project [12]. These documents are called project planning documents and contain
more technical data on how the construction can be dimensioned and designed
based on the requirements set in the programme documents. These include, for
instance, the geometry of construction and the choice of materials presented in, for
instance, drawings and technical descriptions. The information stated in the project
planning document can be used to apply for a construction permit and to create
documents, so-called construction documents, on which the entrepreneurs will base
the construction on.

2.2 Total BIM
The construction industry has experienced a slow digital transformation over the
past decades. An important work method that has emerged is Building Information
Modeling (BIM). BIM helps improve design, coordination, and information manage-
ment [5]. Despite this, even with BIM, the construction process isn’t applying this
concept to its full potential. The production phase continues to be dominated by
traditional 2D drawings. Having two separate systems creates parallel workflows,
leading to inefficiencies, increased costs, and loss of information. Against this, the
concept of Total BIM has been introduced, particularly in Scandinavia, as an effort
to fully realise the potential of BIM as the only source of information throughout
the entire construction process [4].

2.2.1 From traditional BIM to Total BIM
Traditionally, BIM has been used for visualisation, clash detection, and coordina-
tion, mostly during the design phase [5]. But when projects move from the initial
stages to the production stage, static 2D drawings are often created from the model
and become legally binding documents, commonly referred to as “Hybrid BIM” [4],
[5]. This means that the digital model loses its relevance and value [4].

Total BIM challenges this practice by eliminating parallel information flows [4].
Instead, the BIM model should be used as a dynamic, cloud-based information plat-
form that serves as the single source of information throughout the entire project’s
lifecycle. This implies that traditional drawing production will no longer be needed,
and instead, all information, including measurements, specifications, and work in-
structions, is extracted directly from the model by users on the construction site.

Although this change introduces new technology, it will also change the way people
work and will restructure workflows and responsibilities [4]. BIM will then become
the central part of a project’s information system rather than just a helpful tool.

2.2.2 Total BIM as a dynamic platform for information
As mentioned in this section, Total BIM functions as a dynamic information plat-
form, which means that the data in the model are updated frequently and that
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2. Background and related work

its information can be shared between various stakeholders [4]. Unlike static tradi-
tional drawings, BIM models make it possible to create an interactive management
of project information where all users with access to the model can filter, visualise
and analyse the data in real time.

In practice, this means that construction workers use digital devices to interact di-
rectly with the model both on-site and off-site [4]. From this, they can generate
customised views, perform measurements, and document issues through the model.
This changes the way construction work is planned, executed and offers multiple
advantages.

• Increased precision and quality - Since the information is collected directly
from the model, the risk of errors and misunderstandings is reduced.

• Improved communication efficiency - BIM serves as a shared platform where
all stakeholders can access the same source of information.

• Reduced document management - The need to produce, distribute, and up-
date drawings is eliminated.

However, this approach puts higher demands on the users working with the model,
as construction workers must be able to independently navigate and interpret BIM
models and the data within it [4].

2.2.3 Organisational and contractual implications
The implementation of Total BIM requires significant organisational changes [5].
One of the most important aspects is that BIM has legal status as a contractual
document, replacing traditional methods of working where drawings traditionally
have been the primary source of information [3], [5].

This development would create new requirements for model quality and accuracy
[5]. As the models could and probably will become legally binding in the future,
their information must be accurate, complete, and standardised. This leads to a
greater focus on production-oriented design, where design decisions are made with
consideration of how the information will be used in production.

Furthermore, Total BIM affects the relationships between project stakeholders [13].
Traditional roles, such as architects and engineers, will be affected, from working
with drawings to working with model-based design. Procurement processes will also
be affected, as contractors gain access to detailed model information during the
tendering phase, which can result in more precise and comparable bids.
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2.2.4 Challenges and limitations
Despite the potential with model-based workflows, the implementation of Total BIM
presents several challenges [4]. First, it requires significant investments in technol-
ogy, training, and model development. The initial costs may be higher in the begin-
ning of the transition due to lack of understanding or habits of working model-based,
especially during the design phase, although these are often offset by efficiencies
gained during the construction phase.

Second, there are technical limitations related to software, interoperability, and the
management of large models [4]. Previous studies indicate that insufficient func-
tionality in BIM tools may prevent users from fully utilising the capabilities of the
model and the information it contains.

Lastly, cultural and organisational barriers can complicate the implementation pro-
cess [4]. Resistance to change, lack of competence, and established work practices
can complicate the transition to a fully digital workflow.

2.3 Contractual standards supporting Total BIM
The contracts, AB25 and ABPU25, are newly developed contractual standards that
are in the process of replacing the older versions used today, the AB04 and ABT06
which have existed since the 2000s [3]. These contractual standards present changes
to the previous AB04 and ABT06 by adding new content, reorganising chapters, and
information, and shifting the focus from traditional construction to a more digitally
oriented construction sector. The idea is that the new contracts will provide a shift
towards digitalisation and model-based construction by including content that AB04
and ABT06 did not cover. This will create opportunities for clients to implement
fully digitalised and model-based work in construction projects. A crucial element
of the newly created contractual standards is that there are statements that define
what a digital model entails and even describe how a digitalised workflow is to
be conducted. These standards also include statements that affect the order of
juridical priority of documents. Lastly, they also contain information on data and
cybersecurity regarding the information management of a digitalised workflow.

2.4 Level of Development
When talking about Level of Development (LOD) within BIM, LOD is used to de-
scribe how developed a model element is in terms of both geometry and related
information, as well as how reliable the information is to use during a project [14].
This is different from just looking at how something is represented graphically. LOD
shows the maturity of the model elements and indicates how the model can be used
during different project phases.

It is important to know the difference between LOD and Level of Detail (LoD)
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[14]. LoD refers more to the graphical or visual details within a model and its el-
ements, while LOD includes both graphical representation and the development of
non-graphical information. This means that a model can contain highly detailed
amounts of data related to, for instance, geometry without providing reliable in-
formation for decision-making. This difference is important because it helps avoid
misunderstandings about the information the model contains and to what extent
the model can be relied upon.

LOD can provide a structured way to describe how reliable and detailed the in-
formation is in the model throughout the lifecycle of the project [14]. By defining
different LOD levels, project stakeholders can better understand which information
is available at a certain stage of the project and how the model can be used.

2.4.1 LOD Levels
The LOD system consists of several levels that represent different levels of develop-
ment, details, and reliability [14]. These levels describe how BIM models develop
from conceptual representations to fully verified as-built models throughout the
project lifecycle. The levels within a LOD-based workflow are presented below:

• LOD100 Conceptual Design - An early level with approximate geometries to
provide an overall understanding of the concept.

• LOD200 Schematic Design - More elements are applied and modelled but are
still in an approximate stage with preliminary information.

• LOD300 Design Development - More precise and accurate geometries, used
for construction and design planning.

• LOD350 Construction Documents - Like LOD300, but also includes connec-
tions to other systems, emphasising coordination.

• LOD400 Fabrication and Assembly - Models are ready for fabrication. Every-
thing needed to understand the model is within it, including costs.

• LOD500 As-Built Model - A digital twin that matches the data within the
building.

As the LOD level increases, the model becomes more detailed and reliable for dif-
ferent users throughout the project [14]. Lower levels are used mainly during the
early design phases, while higher levels support construction, fabrication, and final
documentation.

Higher LOD levels require additional time and effort to develop because more precise
geometry and information must be included in the model [14]. Therefore, selecting
an appropriate LOD level is important to balance modelling effort and project needs.

12



2. Background and related work

2.4.2 Relation to the BIM Process
LOD is closely related to the BIM process because this concept helps define how
the model information develops throughout the project lifecycle [14]. Different LOD
levels represent different stages of the project and indicate how the BIM model can
be used at each of these stages.

The use of LOD and its levels can improve communication and reduce misunder-
standings between project stakeholders by clarifying the reliability of the model
information [14]. Confusion between LOD and LoD may occur due to its similar
names and concepts and may lead to incorrect assumptions regarding the model and
its intended use.

2.4.3 Level of Information Need
Based on EN ISO 19650:2018, Level of Information Need (LOIN) is a concept that
refers to the information that is required for a BIM project [15]. ISO 19650 is an
international standard series that guides the management of information in digital
building models [16]. It establishes best practices for organising, sharing, and con-
trolling digital data throughout a project’s lifecycle, enhancing collaboration, and
ensuring data quality in BIM-driven projects. This information from LOIN consists
of its quality and quantity, and is used to define what is needed, when it should be
delivered, and which actors it concerns in producing the information and receiving
it. Using this concept, LOIN can support decision-making and execute project tasks.

2.4.4 Takt planning
Takt planning helps organise work into consistent periods or divided steps, making
coordination easier and more transparent [17]. This method divides the project
into smaller work areas, called takt zones, and schedules activities according to
a predefined takt time. In an example presented in [17], construction activities
were organised into different takt zones where the work teams systematically moved
between zones every 2.5 or five days. As a result of using takt planning, this improved
workflow, coordination, and transparency throughout the project.

2.5 Model Maturity Index
The Model Maturity Index (MMI) is a standardised framework within BIM designed
to describe and define the maturity level of objects in digital building models using
numerical levels [7], [18]. This framework provides a structured approach to assess
the level of development of a model by analysing its geometric details, the informa-
tion content, and its suitability for different stages within the construction process.

By establishing a common language, MMI helps reduce subjective interpretations
and makes it easier for stakeholders to share information [7]. This leads to more con-
sistent and transparent communication regarding what information is in the model
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and how reliable it is. Furthermore, MMI acts as a management tool, ensuring that
relevant information is developed to meet the project’s needs and is available at the
right time [18].

Traditional drawing-based work methods are often characterised by subjective in-
terpretations and inconsistencies in information transfer[7], [18]. MMI, on the other
hand, can enable a more shared terminology and a clear communication channel
among all project stakeholders. This includes actors such as architects, engineers,
contractors, and clients. This creates a common language among project partici-
pants, where the model’s content and reliability can be communicated in a consistent
manner [7].

MMI is more than just a way to apply a technical classification within a model. It
can also be seen as a tool that helps make the model’s maturity levels much clearer
in terms of key decisions and the allocation of responsibilities. This enables better
coordination, planning, and control within the project [18].

2.5.1 Function
The main goal of MMI is to ensure that the right information is available at the
right time in the project [7], [18]. By connecting the maturity level of the model to
the specific requirements for the content of the information and geometric details,
MMI helps reduce uncertainties in design and improves coordination between dif-
ferent disciplines [7].

Furthermore, MMI can support constructability assessments and reduce the need
for late changes and change orders by ensuring that the model reaches a sufficient
level of maturity before being used as a basis for decisions or production [7].

According to [7], MMI functions as a control mechanism to ensure that the informa-
tion in the model is developed progressively according to the needs of the project.
This means that the model does not need to be fully detailed in the early stages;
instead, the level of information is adapted to the decision points and production
requirements. In addition, MMI can help clarify the allocation of responsibilities
among stakeholders, as each maturity level can be linked to specific deliverables and
requirements.

2.5.2 MMI Levels and their meaning
The MMI system is built around several numerical levels, representing different lev-
els of maturity [18]. These levels form a scale where each represents a certain degree
of development. The most common levels are as follows:

• MMI000 Conceptual model - Objects are roughly sketched with approximate
volume and geometry, suitable for early idea and concept stages.
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• MMI100 Preliminary model - The intentions of the project are visible, but
several alternatives remain and the model is not yet fixed.

• MMI200 Proposed model - Selected solutions begin to emerge, with few re-
maining alternative building components. Often corresponds to system design.

• MMI300 Detailed model - Detailed and coordinated solutions that are build-
able and verified for design.

• MMI400 Production model - The model is used in construction for work plan-
ning and material management.

• MMI500 As-built model - Actual constructed objects with product-specific in-
formation, delivered to the client as documentation.

• MMI600 Facility management model - Relevant and updated model informa-
tion for facility management and maintenance planning.

Each level has its own set of requirements for both geometric precision and informa-
tion content [7], [18]. For example, MMI300 indicates that the object is developed
enough for coordination between disciplines, while MMI400 means that the object
is buildable and can be used as a guide for production.

MMI consists of a hierarchical level structure from MMI000 to MMI600, where each
hundred represents a new stage in the construction lifecycle, from early sketches
to facility management, see Figure 2.2 and 2.3 [7], [18]. Within certain levels,
subdivisions exist in intervals of 25, 50, and 75 to further specify maturity. It is
recommended that projects begin with the broader hundred-level steps (000-600) to
build experience and gradually introduce more detailed steps. This approach allows
projects to build experience and gradually introduce more complexity if appropriate.
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Figure 2.2: A diagram that illustrates the status levels of MMI in detail based on
their progress in comparison to the project phase [7].
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Figure 2.3: An illustration of the general status levels of MMI-based on their
progress in comparison to the project phase [18].

2.5.3 Role in the BIM Process
MMI is closely integrated with BIM as both a platform and an information model
in the construction process [7], [18]. By linking model maturity to different stages of
a project’s lifecycle, MMI ensures that the model meets the necessary requirements
set for each project phase [18]. This means that project participants can use MMI to
verify that models and objects are sufficiently mature before being used as a basis
for decisions or in production, reducing the risk of late changes or quality issues
in the project. The use of MMI can also be governed through delivery plans and
BIM Execution Plans, according to ISO 19650, where deliverables and information
requirements are linked to defined MMI levels.

In practice, the middle stages (25, 50, 75) are also used to provide a better un-
derstanding of how well coordination and control are. This can include collision
detection or interdisciplinary review, which can further improve quality assurance,
see Table 2.1 [7], [18].
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Table 2.1: A table that illustrates the general status levels of MMI-based on their
progress in comparison to the project phase [7]. Also showing colour codes and
descriptions.
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In a broader digital context, standardised frameworks for information sharing, such
as BEAst, can play a major role [19]. BEAst can complement BIM and MMI by
creating standards in the form of guidelines that describe how information can be
reviewed in different software such as Dalux and BlueBeam [20]. While MMI defines
the maturity level of model information, BEAst focuses on how this information is
presented and shared across different systems, supporting more efficient workflows
and allowing different systems to work together within the construction process.

2.6 Function Maturity Index
In construction projects, especially large projects that contain more complex tech-
nical systems, it is common for elements in the technical systems to malfunction
as the project closes in on project handover or the operation phase [6]. To combat
this issue, the Norwegian guidelines have mentioned the implementation of Function
Maturity Index (FMI).

2.6.1 What is FMI and why is it needed?
FMI can be used as a preventive solution to system malfunctions during handover
by serving as an index to illustrate the functional maturity of a technical system
[6]. FMI works by presenting an index at different levels, each of which has its
own status and maturity level. In this way, construction projects can use the in-
dices to communicate the maturity of technical systems and therefore indicate their
development progress.

2.6.2 Different levels of FMI
FMI has multiple maturity levels. These are illustrated in a diagram according to
the project phases they represent, see Figure 2.4.
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Figure 2.4: An illustration of the status levels of FMI based on their progress in
comparison to the project phase [6].

In more detail, the FMI status levels range from FMI100 to FMI700, and their de-
scriptions are as follows:

• FMI000 Early phases - At this stage, no information or content regarding sys-
tematic functions has been defined for the project.

• FMI100 Plan for Systematic Completion established - When functional con-
ditions and requirements have been set, including a strategy or action plan
to meet the expectations, and how the FMI levels are going to be regulated
in the project onwards. This includes having a plan for Systematic Completion.

• FMI200 Functional description (for each system) completed - Upon reaching
this level, the construction functions should have been registered and defined
with technical descriptions and should be ready for table testing to be planned.

• FMI300 Table test accepted - A construction project is considered to have
reached the maturity level of FMI300 when table tests have both been ex-
ecuted and accepted for the selected critical components and processes that
require testing.

• FMI400 System functional test accepted - After the installed system is ready,
a construction project reaches FMI400 when System Functional Test (SAT)
has been conducted for the system function in its real environment and has
been approved.

• FMI500 Fully accepted and integrated tests - The integrated tests between
systems have been conducted, adjustments have been made, and the results
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have been accepted.

• FMI600 Operational tests accepted - Operational tests have been conducted
on site and are fully functional.

• FMI700 Normal operation - The system is now operational and functioning as
intended.

2.6.3 Connection to Systematic Completion
FMI is an index mentioned in the guideline and developed to support the use of
Systematic Completion and to follow the same principles as MMI [6]. Systematic
Completion was developed to increase productivity in the construction sector. The
goal was to ensure that the results of construction project deliveries function as
intended while meeting the client’s expectations. According to the guide, this can be
achieved by earlier focusing on obtaining project delivery requirements and providing
information on the responsibilities of each actor in each project phase.

2.6.4 Implementation of FMI
Regarding the implementation of FMI in projects, it is stated that the index at
different statuses shows the maturity level of the technical systems in a construc-
tion project, using different codes [6]. This index is used in practice as a form of
communication in construction projects to help project management follow up on
the development of the technical systems which has been proven to be a challenge.
In relation to the Systematic Completion, it is stated that a construction project
should be clear about which documents to use as the basis for providing solutions.
The implementation of FMI for the technical systems will therefore make it easier,
as it provides a way to communicate the development of said systems.

Currently, the Norwegian standard for technical construction, “NS3935”, describes
how construction projects can be organised through the implementation of System-
atic Completion, and therefore the implementation of FMI [6]. It is stated that
the responsible actor for the implementation of Systematic Completion should also
provide requirements and statements that are grounded in the contracts. The con-
ditions should be how FMI will be used in the project and which FMI levels the
systems will progress through.

2.6.5 Connection to MMI
MMI describes the maturity of the model’s information, but to complement this,
FMI describes the maturity of the technical systems within the project [6], [7].
Together, MMI and FMI form a comprehensive framework that enables the man-
agement of both model information and system functionality throughout all stages
of the project. This is particularly important in complex construction projects,
where the interaction between technical, functional, and information aspects forms
the foundation for successful project delivery.
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2.7 Sustainability goals
This section will discuss sustainability goals from the United Nations, EU, and
Sweden.

2.7.1 United Nations sustainability goals
According to the United Nations website, 17 sustainable goals have been agreed
upon by all UN member states [21]. This plan is called Agenda 2030 and was cre-
ated in 2015 with the goal of creating peace and better welfare for people. The
goals within the plan are called the Sustainable Development Goals and are centred
around improving countries health and education systems, reducing and preventing
the occurrence of inequalities, improving their economic status, and tackling ongo-
ing climate change challenges.

Additionally, as presented in the Global Status Report for Buildings and Construc-
tion 2024-2025 published by the UN Environment Programme (UNEP) and the
Global Alliance for Buildings and Construction (GlobalABC), the construction sec-
tor is highlighted as a main contributor to climate change, as buildings and con-
struction processes are generally very resource-consuming [22]. As a result, the
construction industry accounts for 32% of global energy consumption and 34% of
global CO2 emissions. Further, as mentioned in the report, the major contributors
to the emissions have their roots in the use of cement and steel. However, the current
state of the construction sector is that the CO2 emissions from building operations
have increased by 5.4% instead of decreasing, which creates a need to develop the
construction sector in line with the sustainability goals.

2.7.2 EU sustainability goals
At EU level, sustainability actions have resulted in a legally binding law called the
“European Climate Law”, which aims for European countries to reach climate neu-
trality by 2050 [23]. Additionally, there is a goal of reducing the net greenhouse
gases (GHG) emissions by 55% by 2030. The goal of reaching net-zero GHG emis-
sions means that European countries need to invest in and develop their countries
through sustainable measures. This could be done by achieving greater efficiency in
reducing emissions, investing resources and capital in technological advancements
that reduce energy use or utilise green energy, and preserving the environment.

2.7.3 Swedish sustainability goals
Regarding Swedish sustainability goals, in 2017, Sweden took a stance on climate
goals by introducing different initiatives to support and contribute to reach net-zero
GHG emissions by 2045 [24]. Relating to the construction sector to combat climate
change, Boverket has been tasked to coordinate the construction sector to work
towards climate mitigation [25]. It is also written in Boverket that onwards, the
buildings will have their emissions presented for their lifecycle [26].
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In the thesis work, the method used consisted of a review of related work in which
relevant facts and background information were researched to further develop an
understanding of the theme. As the thesis is regarding Total BIM and investiga-
tions on multiple perspectives, the study adopted a qualitative research approach.
To gain further understanding of the subject, several workshops were held with in-
dustry actors, while interviews were conducted during a later stage to collect data
on topics that either required further explanation or to fill in gaps of knowledge.
A manual thematic analysis was also used to structure the data collection and in-
terpretation process. AI usage throughout the thesis work was also introduced to
show transparency in using these tools. Lastly, a description of choice of method
was described to illustrate how different approaches could affect the overall results.

3.1 Background study for data collection
The first part of the thesis work was to establish a background based on related work.
The key elements of the related work consisted of several perspectives on the subject.

To learn about the Swedish construction sector, sources were used from governmen-
tal websites such as Upphandlingsmyndigheten upphandlingsmyndighetenB, [8],
[9], [10], [11] and Boverket [12], [26], as well as published research papers. These were
used as reliable sources to gain an understanding of how the construction process
works in Sweden, which documents are involved during the construction process,
and also the standards used within projects.

To understand the key elements of the related work in the thesis, Total BIM, Level
of Development (LOD), Model Maturity Index (MMI), and Function Maturity In-
dex (FMI), several types of sources were used. Firstly, to learn about Total BIM,
published academic papers from Svensk Byggtjänst [3] and Chalmers University [4],
[5] were used. Secondly, to form an understanding of LOD, several websites were
used, such as [14] and [15], as well as research papers on the related work [6], [18],
[16] and [17]. Regarding MMI and FMI, several Swedish and Norwegian research
papers were used, such as [6], [7], [18] and [20]. To gain an understanding of the
upcoming contractual standard, AB25/AB27, and an overview of their content, data
from Svensk Byggtjänst [3], was used.

Lastly, to gain an understanding of the current sustainability goals at the UN, EU,
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and national level, sources from Boverket [12], UNEP [22], the European Commission
[23], Naturvårdsverket [24] and UNFCCC [25] were used.

3.2 Workshops
The workshop series conducted during the thesis consisted of five online workshops,
which were focused on discussions regarding the potential adaption of Total BIM,
MMI, and FMI within the Swedish construction industry. In total, eleven tran-
scriptions were produced from these workshops, including general sessions, breakout
room discussions, and summary sessions. All workshops and discussions were con-
ducted digitally via Zoom, and no physical meetings were held.

The authors of this thesis participated primarily as observers and contributors in the
workshop sessions. The authors of the thesis attended Workshop 3 and Workshop
5, by actively listening to the discussions that were held. The participants from dif-
ferent disciplines within the construction sector shared experiences, reflections, and
perspectives regarding the implementation of model-based workflows and maturity
frameworks. At a later stage, the authors introduced elements of the thesis work
and preliminary findings.

In total, approximately 20 industry actors attended these workshops based on their
interest in the topic on that workshop, see Table 3.3. These participants have roles
within the construction industry with specialised knowledge in digitalisation and
BIM, for example developers, project managers, researchers, and specialists. Prior
to each workshop, discussion topics and questions were distributed to provide par-
ticipants with an overview of the intended discussion themes.

Each workshop generally began with an introduction by the workshop leader, who
presented the purpose, agenda, and structure of the session. This was followed by
presentations on ongoing developments related to Total BIM, MMI, FMI, and asso-
ciated implementation challenges. In several workshops, participants were divided
into smaller breakout rooms and discussed predefined questions and topics in smaller
groups. These discussions were later summarised and discussed in the summary ses-
sion afterwards.

After each workshop, the transcribed material was analysed qualitatively to identify
recurring themes, implementation barriers, practical experiences, and perspectives
related to the Swedish construction context. Below, in Table 3.3, is a summary of
each transcription, the type of session, as well as a short description of what was
primarily discussed.
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Table 3.1: Overview of workshop transcriptions, page 1

Transcription Type of session Description
1 Main workshop 1 Introduction to Total BIM and

MMI as parts of a more model-
based way of working. The
main point was that MMI
becomes necessary when the
model takes a stronger role than
drawings, since status must
then be managed at the object
level.

2 Breakout room discussion 1.1 The transcript focused on how
MMI can be used practically
at the object level, especially
in relation to electrical design,
checklists, status levels and
buildability. The main point
was that MMI clarifies what can
be built, what should be re-
viewed and how changes can
be linked to promemoria (PM)
changes.

3 Breakout room discussion 1.2 The transcript discussed MMI
as a tool for communication,
requirements and quality
assurance in the shift from
document-based to model-
based control. The main point
was that MMI can improve
prioritisation, progress track-
ing and redesign control, but
requires clear requirements and
organisational support.

4 Breakout room discussion 1.3 The transcript summarised and
problematised the need for
MMI, especially whether the in-
dustry needs a new system or
can apply existing statuses at
object level. The main point
was that MMI is mainly seen to
create clearer communication,
filtering and maturity control in
the model.

25



3. Method

Table 3.2: Overview of workshop transcriptions, page 2

Transcription Type of session Description
5 Summary session 1 The transcript addressed both

opportunities and doubts re-
garding MMI, as participants
discuss whether additional sta-
tus levels add value. The main
point was that MMI can sup-
port process control, prioritisa-
tion and the transition toward
Total BIM, but it does not solve
basic issues such as poor model
structure or unclear IFC data.

6 Main workshop 2 The transcript discussed the
need for a clearer working
method for Total BIM, espe-
cially through checklists, review
routines and support for design
managers. The main point was
that MMI and FMI must be
linked to practical control of
what should be modelled, re-
viewed, tested and followed up
in different phases.

7 Main workshop 3 The transcript introduced MMI
as a possible common standard
for information flow from early
ideas to facility management.
The main point was that MMI
can increase trust in the model
by clarifying status, traceabil-
ity, buildability and the connec-
tion between design, production
and operation.

8 Main workshop 4 The transcript concerned the
planning of the Total BIM day
and how the forum should com-
municate the difference between
traditional work, Hybrid BIM
and Total BIM. The main point
was to frame why model-based
work is needed, focusing on re-
quirements, process, tools and
changed ways of working.
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Table 3.3: Overview of workshop transcriptions, page 3

Transcription Type of session Description
9 Breakout room discussion 4.1 The transcript discussed or-

ganisational and procurement-
related barriers to implement-
ing Total BIM in larger organ-
isations. The main point was
that clear client requirements,
appropriate consultant procure-
ment and active leadership are
needed for model-based work to
function in practice.

10 Summary session 4 The transcript focused on how
the Total BIM day should be-
gin by showing effects, ben-
efits and concrete project re-
sults rather than only technol-
ogy or culture. The main point
was that the industry needs ev-
idence that Total BIM can lead
to faster, cheaper and more con-
trolled projects.

11 Main workshop 5 The transcript presented the
master students’ synthesis of
previous workshop material
concerning the paradigm shift
from drawing-based work to
Total BIM. The main point
was that MMI and FMI are
highlighted as central supports
for status, quantities, follow-up,
review and decision-making,
while organisational and cul-
tural barriers remain.

3.3 Interviews
After the data were collected from background studies and workshops, interviews
were conducted through Microsoft Teams to further deepen the understanding of
the research topic. The purpose of the interviews was to complement the workshop
data by addressing remaining uncertainties and gaining a deeper understanding of
the meeting points by further asking the group members on their individual per-
spective. These interviews also helped answer remaining questions or confusion

27



3. Method

regarding the topic.

The interviews were based on a qualitative semi-structured model, meaning that
interview questions were prepared beforehand but then improvised in the interview
depending on the flow of the interview. The idea was to make use of prepared ques-
tions that answer the main confusion, and then during the interview period, make
use of the time to develop follow-up questions.

The interviewees were chosen based on their contribution in the workshops. The aim
was to include individuals who had already participated in the preceding workshops
and had shown relevant experience and engagement in discussions related to Total
BIM, MMI, and FMI.

The targeted participants represented different roles within the construction sector,
and these were as follows:

• BIM Developer
• Electrical Engineer
• Contracting Engineer
• VDC Specialist
• Digitalisation Leader
• BIM Strategist

The interviewees were contacted via email. In total, approximately 11-12 individuals
were invited to participate in the interview study. Among these, six individuals
participated in the interviews. The interviews lasted between approximately 30
and 60 minutes, depending on the participant’s availability and the depth of the
discussion. The structure of the semi-structured interview containing questions can
be found in Appendix A.

3.4 Qualitative analysis
The analysis of the collected data was carried out in several steps. The data col-
lection generated a large amount of data from related works, workshop meetings,
and interviews. The analysis therefore began by structuring the material into more
manageable parts by identifying and planning an analysis structure. This resulted
in an analysis similar to manual thematic analysis structure.

The first step in the manual thematic analysis was to become familiar with the
data collected from related works, workshops, and interviews. This was done by
re-watching the workshops and interviews and generating a text overview of the
data using AI. The thematic analysis was then continued by creating codes in the
form of highlights and notes taken during the correction of the transcription con-
tent generated by Microsoft Word for the workshops and interviews. By comparing
the codes from the transcriptions with the overview generated using AI, recurring
themes were identified. These themes were then reviewed by cross-checking whether
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they were potential analytical topics that were relevant to the purpose and research
questions before moving to the next step.

After categorising the collected data into analytical topics, the material was repeat-
edly processed by reading and comparing different sources. This was carried out to
determine whether there were similarities, differences, or contradictions. The idea
was that the review of related works would serve as a theoretical background to the
study. The workshop results were meant to provide data that represent statements
from industrial and experienced industry actors, including their experiences and
examples. Lastly, the interview findings served to reinforce data that were either
missing, unclear, or required further discussion.

Regarding the legitimacy of data, a finding was considered reliable if it was a re-
curring topic across multiple workshops, and at the same time, was supported by
the review of related works or interviews. At the same time, if a finding was only
brought forward once or lacked supporting evidence, it would be considered more
cautiously and therefore formed a smaller portion of the overall result.

3.5 AI Usage
Because of the large quantity of material obtained from conducting workshops and
interviews, AI were used to assist the structuring and to gain a textual overview
on recurring themes. AI was also used for the purpose of increasing efficiency in
the thesis work and saving time. AI was also used to transcribe online workshop
meetings. The content was then cross-checked against the audio files to ensure
that the content was transcribed correctly. Lastly, AI were also used to highlight
important parts of the transcriptions from workshops and interviews to code for
manual thematic analysis. Several figures were also translated into English using
AI.

3.6 Choice of method
As previously mentioned, the choice to participate in workshops and conduct in-
terviews with workers actively engaged in BIM was made to ensure that the data
collection related to MMI and FMI was supported. As these concepts are not yet im-
plemented on a large scale within the Swedish construction sector, it was crucial to
find respondents with sufficient knowledge of this subject to be able to generate rel-
evant results. Therefore, most participants were already interested in these concepts.

It is also important to note that the empirical data generated from the workshops
and interviews were based on the respondents’ subjective experiences and opinions.
The findings in the results should therefore be understood as reflections from ex-
perienced professionals from different disciplines who have previously worked with
similar terms and data.
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An alternative approach could have involved a broader range of participants with
varying levels of knowledge about BIM and digital maturity. Such an approach
could have provided a broader and wider range of perspectives from participants in
disciplines that are less familiar with the concepts of Total BIM, MMI, and FMI.
However, to be able to generate meaningful conclusions, rather than producing an
argumentative discussion, the report had to be based on the potential benefits of
digitalisation rather than the disadvantages.
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This chapter compiles the most important parts from the Workshops and the inter-
views conducted.

4.1 Workshop results
The workshop meeting results provided empirical material based on the five work-
shop discussions regarding the main themes of Total BIM, MMI and FMI. Although
the workshop discussions have covered a wide range of topics related to these themes,
this section is limited to the content that was considered the most relevant in re-
lation to the aim and research questions of this study. The following subsections
therefore present the key findings from the workshop discussions, with focus on the
paradigm shift towards Total BIM and the potential of MMI and FMI.

4.1.1 A paradigm shift from drawings to model-based work
The central point of discussion in the workshops has shown that Total BIM has
uses in both being capable of providing a new technical and management method
for projects. By using Total BIM, the Swedish construction industry can adapt an
alternative way of organising, managing, and following up on construction projects.
Therefore, in the workshops, two ways of project management have been further
discussed. The first project management process is the traditional way, centred
around documents in which drawings and reviewed documents are key delivery el-
ements. The second process discussed is the ongoing paradigm shift, to go from a
document-centred work process to an information-centred work process, where the
digital model contains the main source of data and information.

In the ongoing paradigm shift, the digital model is supposed to serve as a basis
for status levels, quantities, decision-making, project management, and to support
production and operation in the project. Currently, projects are mostly using digital
models to visualise and coordinate projects, while drawings are still used as the final
basis for decision-making, putting projects in a Hybrid BIM situation. It has also
been mentioned in the workshop discussion that almost 41% of the design phase is
spent on drawings which has been seen as a substantial amount.

Hybrid BIM is described in most of the workshops as an imperfect solution, being
a work process that could risk undermining the entire model-based work process.

31



4. Results

Many participants have mentioned that as long as both drawings and models are
used in parallel, the situation creates room for wrong interpretations of data. A
Business Area Manager has explicitly described in one of the workshops that Hy-
brid BIM creates more need of reviews and approvals. This results in more sources to
extract information from, and consequently, increases the risk for misinterpretations.

Likewise, many other participants have pointed out that, in construction sites, many
workers return to drawings whenever a stress-filled situation arises. The perception
is that drawings are clearer to understand, not necessarily that the digital model
is lacking information. This issue has been addressed in a previous thesis work
mentioned in the workshop that industry workers in the construction sector have
been tested to identify and correct notices at the site in two different platforms, one
using 2D drawings and one using 3D drawings [27]. The results from the thesis work
were that in a 3D model-based environment, time was less consuming to identify.
Another study mentioned in the results was also that the mental strain of using 2D
drawings was higher than using 3D models to identify issues or to look for data [28].

It was also highlighted that the paradigm shift from Hybrid BIM to Total BIM
should be developed and adapted in smaller increments. Discussions in the work-
shop have shown that objects, geometries and rooms could partially be allocated a
status level while others remain supported by drawings and traditional documents.
This is to make sure that the transition is not too large at once for the organisations,
and at the same time, understand model-based workflow and gain more trust in the
model. These two different workflows can then be compared, and the organisations
themselves can choose to adapt model-based workflows on a larger scale. This is
especially apparent in the workshops, where discussions compare the different usage
of BIM in Swedish and Norwegian projects, especially the ones that discusses Helse
Bergen in BUS2, a Norwegian project. In these discussions, Helse Bergen has shown
an example in their project in which the digital model has been used alongside takt
planning and Systematic Completion as part of a coherent system.

In the workshop discussions, the development of Total BIM has also been linked
to the upcoming contractual standard, previously acknowledged as AB25 but due
to its delays, it is now referred to as AB27. A Researcher has also made an im-
portant point that, in future projects, to create a more standardised model-based
work process, the client must take the step to add requirements and conditions in
contracts that support the usage of such methods. In this discussion, AB27 has been
highlighted on multiple occasions that it could serve as a strong supporting index
to allow digital models and deliveries to have a higher contractual priority over the
drawings and technical descriptions. Aside from the technical developments required
to improve the usage and adaptation of Total BIM towards the paradigm shift, it is
also important that the digital model is used as a decision-making tool and database
for information. These are intended to be supported through different means such
as having contractual standards for requirement conditions.

Although the results from the workshops have shown great potential in the paradigm
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shift towards Total BIM, the transition is still complicated as it cannot be reduced to
solely a technical shift. Many participants throughout the workshops have addressed
that even though the shift towards Total BIM has shown to produce many benefits,
such as better reviewing processes, clearer communication of status levels, and more
precise quantity takeoffs, there are still plenty of existing organisational dilemmas
that need to be solved. To develop further towards the paradigm shift, Total BIM
requires processes, a change in behaviour, and communication to be changed.

4.1.2 MMI as a common language for status on object level
One of the key findings in the results from the workshop discussions is that Model
Maturity Index (MMI) appears as an attempt to provide the model-based process
a new and more nuanced language to communicate. It recurs many times in the
workshops that while the traditional document concepts, such as project planning
documents and construction documents, still have a function in projects. However,
they are perceived as being too vague in practice to accurately describe the infor-
mation in a model. A BIM Developer has emphasised that traditional documents
and statuses normally describe the delivery, while MMI creates an opportunity to
express how far the progress of individual objects, zones, or rooms has developed.

MMI has also been closely linked to recurring discussions on why traditional sta-
tus concepts are insufficient when projects become more model-based. In multiple
workshop meetings, there were questions regarding if a new classification system is
required. In these discussions, the main argument for MMI lies in the present tra-
ditional status concepts, project planning documents and construction documents.
These are considered too vague and not precise enough to capture what has been
finalised, changed, ready to be built, or are still open for editing.

The workshop discussions have also shown that MMI could be used as an index to
combat issues regarding promemoria (PM) changes, and changing work after some-
thing is already being built. The argument is that an object that has already received
a status could technically be followed up on changes and PM changes. Through this,
MMI creates great potential in traceability for changes on items that have already
been built and could be linked to processes such as cost follow-ups and PM changes.

At the same time, the workshops have also shown that MMI are seldom described
as a complete substitute to existing documents. Instead, MMI is perceived as a
complement to established administrative and juridical concepts. A BIM Developer
has emphasised that MMI is not a concept that requires all traditional processes to
disappear. Instead, it should support the digital model to be more usable and make
the data more precise on object level. It should also be a common language to com-
municate maturity that supports project management, coordination and production.

Another central aspect mentioned in the workshops is that MMI should not be per-
ceived as only a level system, but also to present the next steps in a project. A
Managing Director has described MMI as a system that identifies which object or
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item in the digital model is ready to be used. MMI makes it clearer that the sub-
levels should be seen as not only a development progress, but also in relation to
project progress which could for instance, help actors from different disciplines to
make use of the information.

Furthermore, there are also discussions on that, while participants agree upon the
practical benefits of MMI, such as requiring the need for status on object level, sev-
eral participants are also sceptical on expressing the status through numbers, like
for instance MMI100, MMI200 and so on, see Figure 2.2. Multiple participants have
described that the numbers have the benefit of making descriptions shorter, clearer,
easier to colour code, and work with when filtering or using different views in digital
models. A Senior Lead Advisor explains additionally that, for instance, MMI375
would practically be clearer than long descriptions if everyone agrees on what it
means. It does not necessarily have to be numbers that represent the working pro-
cess.

Continuing, several discussions have also linked MMI to approval processes, espe-
cially to answer the questions of how an approval process would look and manage
when drawings are no longer the documents that need to be approved. In this con-
text, it is presented that the status levels in MMI could be used to identify an area
or part of the model that can be or is approved and ready to be further developed.
These levels are also linked to contract forms, as the index could help control which
components are ready for work, when material purchasing needs to be done, and
how PM changes can be managed.

Lastly, the workshop discussions have also mentioned that MMI is yet to be fully
developed and tailored to the Swedish construction sector. The Norwegian standard
could only be seen as inspiration but not transferable, and therefore MMI needs to
be further developed in accordance with existing relations such as BEAst and other
processes.

4.1.3 FMI as a complement to MMI for functional systems
In parallel to the development of MMI, the other related index, the Function Ma-
turity Index (FMI), is also needed. While MMI overall is related to the maturity
status of objects, FMI is used to identify the maturity of systems and functions. It
is mentioned in several workshops that the difference between whether something
is considered “mechanically finished” or is “functionally finished”. Multiple partici-
pants have emphasised that an object could be built or assembled on the production
site without the system working, could be tested, or ready for operation. Therefore,
a main finding from the workshop discussions is that FMI is an essential complement
to MMI, to provide information on the system and functionality, as status on object
levels from MMI is insufficient to describe whether a project is fully functioning as
intended or not.

This is important as discussions in the workshops have emphasised that functions
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and systems do not always develop in the same progress as takt zones or other tasked
work areas. A Managing Director describes that functional maturity with an object
perspective is insufficient, it also requires a system perspective. Continuously, the
Managing Director explains that FMI is used to understand whether a technical
system is ready to be tested and used, meaning that there is a need for several other
conditions that are related to the system, needs to be fulfilled.

While there are benefits to FMI, there are also many existing issues that need to
be addressed. FMI has been acknowledged as being an important complement to
MMI, but it is still yet to be developed. The current state of FMI is perceived as
being more abstract, harder to interpret and understand, and practically used. A
BIM Developer has expressed scepticism on how and where this index is supposed
to be implemented in a project. While MMI can be linked and implemented on an
individual object, colour or level in a digital model, FMI is harder as it is linked to
the project delivery requirements, system descriptions, and other descriptions that
are outside the digital model. This creates a need the same way as MMI, to be
developed and tailored to Swedish standards on how it can be used, communicated
and followed up.

Figure 4.1: An illustration of how the FMI and MMI systems are connected and
the recommended approach throughout the construction process [29].
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Figure 4.2: A more detailed illustration: the FMI and MMI systems are connected
and used from the early stages of project planning to production [29].

4.1.4 From general review to selective model-based review
In the workshop findings, the current process of reviewing is criticised for being
inefficient, cognitively demanding, and poorly adapted to the amount of informa-
tion that modern models contain. Reviews seem to take place relatively late and
based on an extensive number of documents where multiple different issues are ad-
dressed simultaneously. Therefore, the results point toward that the understanding
of reviews is developing from how they are conducted to reflecting what is being
reviewed, when it is going to be reviewed and why it is being reviewed.

This is also closely linked to discussions about 2D versus 3D review environments.
A BIM Strategist describes how traditional 2D reviews often generate many irrele-
vant comments, because the drawing becomes too broad and undefined as a review
object. If everything is represented on the same drawing, it becomes difficult to
maintain focus on the value the review is supposed to create. At the same time,
several participants emphasise that the transition to 3D review is not straightfor-
ward, especially for experienced project managers and specialists accustomed to 3D
drawings. Therefore, the need for more integrated environments is also discussed,
where users can move between 2D and 3D without having to switch tools or create
confusion. Effective model review is not about abandoning 2D overnight, but about
creating practical work environments where the right information is easy to find and
comment on.

Another important aspect is that review in the material is clearly linked to zones,
focus areas, and reduced cognitive load. Several discussions highlight that people
struggle to review entire buildings or very large amounts of information at once.
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The work becomes significantly more manageable when the building is divided into
smaller control zones or when specific focus areas are selected as particularly crit-
ical. Another BIM Strategist describes how an infrastructure project organised its
reviews by identifying ten critical focus areas, first reviewing the texts and then
using the model as support. In this way, the material moves from describing reviews
as a problem to showing how reviews can be reconstructed into a more selective,
cognitively reasonable, and model-based process.

MMI also plays an important role here. Several participants argue that maturity
levels could help project management specify which statuses should include reviews.
If the reviews are no longer directed at entire drawing packages, but at specific com-
ponents that have reached a certain level, it can become more relevant and more
directly linked to project progress.

Multiple participants in the workshops have mentioned that project managers often
lack sufficient guidance on how to organise model-based reviews. This creates a
need for more clearer checklists or guides that specifies what should be coordinated
at different project phases. During one of the workshops, a checklist was explicitly
requested that clarifies when it is time to start designing certain parts, which de-
pendencies need to be resolved, and what needs to be reviewed before the project
can proceed.

4.1.5 Practical value of model data
Several participants describe quantities as one of the strongest reasons for a more
model-based way of working. The reason is that quantity data is often not limited
to one task process but to multiple project processes, such as cost estimations, pro-
curement, planning, logistics, Life Cycle Assessment (LCA) and other environmental
calculations. A BIM Strategist has also repeatedly returned to the importance of
quantities and describes them to gain control over the project.

At the same time, the material shows that the mere ability to extract quantities
from the model is not sufficient. A recurring issue is that different actors use differ-
ent information sources depending on what they trust. A Researcher describes that
different disciplines extract their quantities from the sources they feel confident in,
and an understanding of why model-based quantities can be trusted is required if
actors are to use them consistently. Similarly, the BIM Strategist provides a prac-
tical example from Kaj 16, where estimation and procurement are based on model
quantities, while some people in production later revert to taking measures from
drawings for quantities.

This has led to several discussions about how the industry can make quantity data
easier to access and understand. Power BI, dashboards, colour coding, tags, and
custom views are mentioned during the discussions as ways to present quantity data
in a more understandable way for different disciplines. An example has been brought
up by the BIM Strategist that live visualisation of data in Power BI has supported
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the Kaj 16 project when design and construction was ongoing at the same time.
A Business Area Manager similarly highlights that quantity lists, as part of each
delivery, can help consultants more quickly to take responsibility for ensuring that
their coding and model information are reasonable.

The discussions have also shown that model-based work is not to remove the draw-
ings completely. Rather, the focus lies on changing the role of drawings in which
they are treated as views generated from the live model information, instead of from
independent project documents. The discussions have also shown that many actors
in production still need support in their daily work through PDFs or plan views.
However, these should ideally be generated from the model so that designers can
spend more time on improving the model quality instead of manually producing
drawings. Similarly, plan views in tools, such as StreamBIM, are described as po-
tentially live and traceable views of data rather than detached drawing documents.

The material also shows that quantities are linked to both productivity and eco-
nomic value. In Norwegian and Swedish examples, quantity data is used as a basis
for more efficient work planning, earlier procurement, reduced preparation time, and
better logistics. At the same time, the workshop findings emphasise that late or in-
accurate quantity takeoffs can result in significant cost increases. If the materials
are purchased urgently, it might lead to higher list prices. Similarly, if the cost
estimations are based on assumptions, rather than reliable model data, the project
could also risk facing additional costs. Several participants therefore point out that
quantity takeoffs become more useful when they are used throughout the project
process and can support many project processes. Time wise, a Contracting Engi-
neer has described an example from their cost estimation and tendering workflow
in which a model-based quantity takeoff could reduce the cost estimation task from
approximately 40 hours to 1 hour. This was done by using quantity takeoffs from
models and more automated workflows in comparison to manual quantity takeoffs
from drawings or other documentations.

An interesting part in the material concerned how modelling in the early stages of
a project can generate direct economic value. A PhD Candidate describes how a
housing project, in which increased detail in the model systems during the project
planning design phase, enabled a reduction in shafts and installation spaces. This
saved approximately 15-20 m2 of usable residential area which spared several millions
in improved project economics for the client. Thereby, modelling was also framed as
a means of improving decision support and increasing economic value. It was thus
suggested that more detailed and integrated model information can, in some cases,
produce financial benefits by enabling better decisions earlier in the process.

4.1.6 Control zones, 14-0/17-0, and Systematic Completion
Another theme presented in the material is that MMI and FMI only become mean-
ingful when they can be integrated with working methods and process executions.
This is particularly relevant when discussing takt planning, takt zones, 14-0, 17-0,
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and Systematic Completion. 14-0 and 17-0 are planning and control methods that
structure the transition from design to production through a countdown of 14 or
17 weeks before construction starts. These methods create milestones, deliverables,
and maturity requirements to ensure that information, coordination, and decisions
are sufficient before construction can begin. The aim of these methods is to create
predictions by resolving issues during the design stage rather than during construc-
tion. Several participants often return to the idea that maturity levels themselves
do not create value unless they are utilised within a framework with clear decisions,
reviews, and handovers between design, production, and later verification.

Control zones are therefore an important function as it divides the project into
smaller areas. It becomes possible to coordinate, review, and build the model pro-
gressively. A Researcher describes how Helse Bergen divided a project into manage-
able control zones of 500 m2, which are then linked to takt planning in both design
and later production. Several discussions emphasise that people struggle to review
and understand an entire building at once, but that smaller zones make it more
practical.

The concepts, 14-0 and 17-0, are used in the material as ways of linking design and
production over time. The key point is not the specific week numbers themselves,
but that design must systematically begin preparing a zone before production. A
Managing Director repeatedly emphasises that what matters is what an area or
object is ready for in the next step. By integrating maturity levels to the methods,
the levels can be used as signals for when reviews can take place. The maturity levels
can also clarify when the model information is sufficiently reliable to be locked and
ready for production.

Figure 4.3: An illustration of the 14-0/17-0 methodology as a timeline from early
design to construction start and execution. Source: Helse Bergen.
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Systematic Completion further deepens this logic by connecting the left side of
the process where requirements, functions, and conditions are established, with the
right side, where systems are tested, verified, and commissioned, see figure 4.4.
FMI becomes particularly important in this context, as it represents the functional
maturity of various systems that extend across multiple control areas. While MMI
asks the question of whether an element is “ready to be built”, FMI focuses on
whether it is "ready to be tested, used, and operated”. Together with control zones
and takt logic, these two indices contribute to a broader framework to be able to
support the entire process chain, from design, through verification, and lastly, into
operation.

Figure 4.4: An illustration of the principle of systematic completion in the con-
struction process, where verification and testing are carried out progressively from
design to operation [29].

4.1.7 Barriers to Total BIM implementation
A clearly recurring aspect in the material is that the barriers related to Total BIM
do not appear to be technical. Instead, the core problems lie in requirements defi-
nition, procurement, leadership, communication, and organisational maturity. This
creates an importance in who sets the requirements, how the project is organised,
and which roles receive support to work in new ways. Several participants note that
the transition to Total BIM is often described as a specialist issue, when in fact it
is largely a management and client issue.

The role of the client is particularly emphasised. The material shows that clear client
requirements function as a key factor in creating confidence in projects attempting
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to implement a model-based approach. A BIM Strategy Manager describes how a
client creates opportunities for action within the project organisation. This reduces
internal uncertainties regarding whether the approach should be used and instead
focuses on how it should be implemented in practice. If the client is unclear, the
transition is often left to enthusiasts, engaged project managers, or individual site
managers, making the change much more dependent on individuals and more fragile.

Continuingly, several participants describe how projects with high digital ambitions
stall before design even begins because consultants and contractors have not been
procured under the right conditions. The BIM Strategy Manager points out that
procurement functions often lack an understanding of what Total BIM or model-
based project control entails. Furthermore, a Project Manager also warns that
procurement that mainly focuses on lowest price or traditional risk transfer can
counteract digital approaches. In practice, this could reward hybrid solutions and
duplicate work rather than model-based processes. As a result, the project risks
starting with conflicting values on how the work should be carried out.

Leadership is another recurring theme, especially in larger organisations. A Project
Manager describes how smaller actors can more easily start a new way of working,
while larger organisations must build systems that function beyond the input from
individual enthusiasts. At the same time, it is emphasised that leadership at the
project level is crucial even in large companies. If project management lacks con-
fidence or perceives the model-based approach as financially risky, the likelihood
increases that they revert to traditional methods.

One of the discussed implementation barriers was related to roles such as project
managers, site managers, estimators, and procurement managers. Several partici-
pants mentioned that design teams are generally able to adapt when the require-
ments are clearly defined, and that tradespeople can work in model-based workflows
when they are provided with sufficient inputs. The difficulty instead arises among
those responsible for leading, coordinating, planning, procuring, and following up
the work based on the model. The same Project Manager notes that their daily work
has not necessarily become easier with a more model-based project, since tools, fil-
ters, and information structures are still often designed around engineers’ needs
rather than site managers.

This is linked to the need for better filtering, production phases, and more role
adapted tools. The same PhD Candidate argues that zones alone are not sufficient,
since a zone only indicates where something happens, not what should be done at
a given production stage. If site managers are to use the model as a control tool
in the future, the information must therefore be organised so that responsibilities,
content, and dependencies can be filtered in a way that reflects the actual logic of the
work. At the same time, the workshops emphasise that the transition to Total BIM
principles also depends on client and facility management. A Senior Lead Advisor
points out that if facility management does not know what it wants in the future,
it becomes difficult to define the right information deliveries today.
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4.2 Interview results
The interviews largely confirm the central tendencies already identified in the work-
shops, but they also move from exploring the subject, to a more concrete and im-
plementing discussion. Since all respondents were asked similar questions, the in-
terviews largely preserve the same thematic structure identified in the workshops.
However, they also contribute to new insights through more in-depth and reflective
follow-up questions, illustrating how the issues are interpreted from different pro-
fessional perspectives, including design, VDC leadership, contractor practice, BIM
strategy, and client-side information management.

4.2.1 MMI as an emerging industry practice
Across the interviews, like the workshop results, a key finding is the agreement that
MMI becomes increasingly relevant as projects adopt more model-based approaches.
Multiple respondents have described that documents, such as project planning doc-
uments and construction documents, may still serve administrative purposes but
provide limited insight into the maturity of model objects. In the interviews, MMI
is therefore repeatedly described as a way of moving status from document level to
object level. This is also seen in the interviews with the BIM Strategist, the BIM
Developer, and the Electrical Engineer, where MMI has been described as a precise
way of describing what is buildable, reviewed, coordinated, or mature enough to
move forward.

The BIM Strategist expresses that if the sector is to work object-based, then object
level statuses are not optional but a necessity. At the same time, it was described
that the actual labels could in principle have been called something else. What
matters more is that the whole sector works according to a shared logic rather than
each actor inventing their own terminology.

The interviews have also shown that MMI is not fully interpreted as a complete re-
placement for everything that exists. While the BIM Strategist argues that existing
systems become insufficient once a project wants the model to govern information,
the Lead VDC Specialist gives a counterargument by pointing out that large or-
ganisations already have milestone structures such as partial deliveries and internal
status logics that resemble MMI. The interviews therefore showed that the key issue
is not simply whether the sector already has statuses, but whether those statuses are
detailed enough to support procurement, quantity takeoff, review, and handovers.
The BIM Strategist has also strengthened the argument that there are currently
many existing classification systems which were never used such as LOIN or LOD
besides pedagogical purposes, but MMI has been used several times in practice.

4.2.2 From concept to implementation
A recurring theme identified in the interview results is that the respondents are
concerned with how it would be introduced in practice. Several respondents have
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similarly stated that if no client, contract, or project instruction requires a model-
based maturity logic, then most actors will most likely continue without changing.
The Contracting Engineer has then added that if there is no requirement, contrac-
tors will generally not add new innovative solutions voluntarily. The interviews
therefore support the workshop findings that adaptation does not begin with en-
thusiasm alone, but with explicit requirements. At the same time, the Contracting
Engineer adds that the implementation cannot begin too hard, but neither can it be
too simple. If the requirements are too strict, actors may avoid the project in the
tendering phase, which can reduce competition. However, if the requirements are
too weak then they risk being treated as optional, in which the transition toward
Total BIM and MMI will be protracted.

Furthermore, the interviews suggest that setting requirements alone is insufficient.
The Lead VDC Specialist argues that even when a requirement exists, production
and project teams still need to understand what the requirement gives them, other-
wise it will be experienced merely as another imposed demand. The BIM Developer
describes the same issue from another angle that MMI must become part of the
project’s everyday language. This means that people must begin to ask what has
reached a certain maturity level rather than only thinking in terms of ordinary
document deliveries. The interviews therefore complement the workshops by show-
ing that implementation is not only about writing MMI into contracts or manuals,
but also about translating it into everyday routines, language, and decision-making
practice.

4.2.3 The usability of MMI in comparison to FMI
A very consistent finding across the interviews is that MMI is perceived as signifi-
cantly more developed and practically used than FMI. The BIM Developer states
this by arguing that MMI is easier to connect to the model to present information,
while FMI is more about systems and functions which is harder to define. The
VDC Specialist reacts in a similar way but treats FMI as yet another classification
that would need major anchoring. It was further discussed that the organisation
already uses simpler properties such as whether something has been tested or not.
The Electrical Engineer, despite direct experience from Kaj 16, also confirms that
the project has, so far, worked only with MMI and not with FMI in any strong
sense. Even the BIM Strategist, who argues in principle that a fully object-based
and data-driven process should ideally include both MMI and FMI, admits that in
practice has managed with MMI alone. The Contracting Engineer further mentions
that introducing both systems at once may simply double the workload in already
time-pressured projects. It was therefore emphasised the importance of slowly in-
troducing simpler requirements to ease the transition and make the process more
manageable.

In terms of software usage, the Electrical Engineer suggests that functional maturity
may need to be used in room-based requirement systems such as dRofus rather
than directly in the geometric model. Based on the interview material, dRofus is a
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database-based room function program for requirement management that can later
be integrated with other softwares, such as Revit and StreamBIM. The interview
findings therefore show that while FMI is relevant, it still lacks the practical clarity,
shared vocabulary, and implementation that MMI has begun to develop.

4.2.4 Insufficiencies in the existing systems
The interviews make it clear that one of the main tensions in implementation is if
actors experience MMI as merely another way of saying “construction documents
approved”, then the new system risks being undermined. The Lead VDC Specialist
argues that this issue needs to be addressed but at same time still see the value of
the intermediate levels of MMI. The BIM Strategist’s interview findings further adds
that even if the exact classifications could have been named differently, a common
system in the sector is still needed if model-based work is to be developed further.
Otherwise, the industry risks ending up with more local solutions that all try to
express the same maturity logic but in different ways.

A final addition that emerges, particularly from the BIM Strategist’s interview, is
that implementation is not only about maturity levels and contractual support, but
also about the interfaces between actors. It was stressed that the need to define
boundaries clearly between architect, structural engineer, and prefab designer, to
avoid duplicate work in the model are essential. This means that a common maturity
system alone is not enough. The project also needs a structured way to tell who owns
which parts of the model and when, otherwise the benefits might be undermined by
risk of double work and conflicting information.

4.2.5 Organisational barriers to implementation
The interviews indicate that the main barriers are not simply software limitations
or lack of theoretical concepts. The construction sector already has the machines,
tools, and softwares. The more difficult part is convincing people, changing habits,
and getting actors to work in new ways. Instead, the obstacles are mainly organisa-
tional, linguistic, cultural, and competence related. The BIM Developer emphasises
the difficulty of making MMI part of everyday working language while the Lead
VDC Specialist highlights that many actors still think primarily through drawings,
descriptions, and separate documents. The Digitalisation Leader’s interview then
complements this by arguing that the sector’s real problem is often risk and reward.
Even if a more model-based process promises gains, the person responsible for the
project may not be willing to carry the risk of trying something new when the po-
tential reward is not proportional to the testing. The BIM Strategist points out
that successful implementation can be difficult if it depends too heavily on a few
committed individuals.

While some workshop participants had shown reluctance to leave drawings behind,
the interview respondents have explained that this reluctance is not only about
comfort. It is also about professional identity, data usage, internal routines, too
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many codes, and the scale of organisational change. The interview material shows
that implementation requires a reorganisation of how people interpret information,
coordinate responsibilities, and perceive the value of their own competence. This
also relates to both the Electrical Engineer and the BIM Developer, who in different
ways point out that people need to be brought into the transition without feeling
that their earlier knowledge has become irrelevant.

4.2.6 Value, risk and tendering conditions
The interviews with the Contracting Engineer shows that even when the need exists,
there is a concern that stricter requirements may reduce tendering competition if
only a small number of actors can meet them. The cost of training and competence
development was also highlighted and argues that implementation therefore needs
to be phased: too weak and nobody follows it, too hard and actors become afraid
or excluded. The Electrical Engineer and the Lead VDC Specialist reinforce the
same broader point from different directions. The Electrical Engineer shows that
once a project genuinely works without drawings, MMI becomes practically useful
very quickly, but also that it requires discipline-specific adaptations, tool develop-
ments, and more detailed object-level work than many are used to. The Lead VDC
Specialist adds that the real cost problem does not lie primarily in software, but in
maintaining hybrid ways of working where new model-based logic is layered on top
of old routines.

The Contracting Engineer also adds that the ability to work with Total BIM and
MMI can become a strategic advantage in future tenders. While actors who learn
these methods early may be better positioned when such requirements begin to
appear more often, the same early move could also end up exposing them to risk
if something goes wrong in the project. The Electrical Engineer further said that
disciplines experienced the transition from 2D schematics to a model-based way of
working as demanding but workable, and even as a positive challenge. Continuingly,
they stated that with the right support and motivated individuals, the move into a
fully model-based workflow can be experienced as relatively smooth.

The BIM Strategist additionally stated that Kaj 16 could serve as a potential future
reference point for Total BIM oriented projects. If a project has shown that object-
based maturity logic, model governance, and role adapted information can function
in practice, then it becomes not only an example, but a kind of practical template
for future attempts. In that sense, the interviews show that innovation is needed and
successful pilot projects are essential as proof that the industry can move forward
by testing new ways of working.

45



4. Results

46



5
Discussion

The discussion chapter integrates the empirical material gathered from related works
together with workshop findings and interview results to form an analysis.

5.1 Governability as an additional issue to digi-
talisation

A first finding is that the transition is more fundamentally about the governability
of information. As [4], [5] already shows, BIM can be implemented in multiple ways,
from a coordination method to Total BIM, where the model becomes the primary
source of information. Specifically, Section 4.1.1 suggests that Swedish projects can
use digital models without necessarily having to change how the project is gov-
erned. Therefore, digital maturity and governance maturity do not necessarily have
to develop in parallel. A project may rely heavily on models while still depend-
ing on traditional decision structures that contain familiar routines and rely on
drawings and documents that are perceived as trustworthy information. This helps
explain why the transition to using Total BIM principles appears to be slow in re-
lation to technological advancement. The main point is if the industry is willing
to have object-based data carry the kinds of commitments, approvals, and respon-
sibilities that have traditionally been attached to drawings and documents. This
points to a deeper institutional shift, from documentation and drawings carrying
the main project information, to model-based workflows taking on that role. This
is perceived as a more demanding transition than introducing new tools or soft-
ware. This interpretation is further supported by Section 4.1.1, where the workshop
material describes Hybrid BIM as a phase where models become increasingly more
important, while drawings still contain information that is used for approvals and
decision-making.

5.2 MMI as a commitment management system
Another analytical point is that MMI has its full potential when it is committed as
part of a management system rather than solely as a maturity label. In [7], [18],
MMI is described as a framework that links the maturity of information in models
with the project phases, decision-making, and buildability. The empirical material,
especially Sections 4.1.2, 4.1.6, and 4.2.1-4.2.4, suggests that this is also where its
value is located. This means that rather than only describing objects, the value of
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MMI lies in defining when a project is sufficiently prepared to transition towards the
next step. This may concern review, procurement, handover to production, quantity
takeoff, or other forms of action. This means that MMI could potentially improve
the timing of foreseeing risks, making it possible to take more clear and decisive
actions earlier in the process. From this perspective, MMI can be interpreted as
a way of structuring to notify when actors can safely act on information. This is
also supported by the interview material in Section 4.2.1, where MMI is repeatedly
described as to what an object is ready for rather than what it is.

5.3 Using MMI to reduce uncertainty between
project phases

In the literature, particularly [7], [18], MMI is presented as a maturation of objects
that progresses from initial design to production and finally represents what is built
on site. However, the empirical material in Sections 4.1.2, 4.1.6, and 4.2.4 has also
shown that the most challenging part is not the transition between the main levels
of MMI that develops in increments of hundreds. Instead, the difficulty is concen-
trated in the sublevels in between, where information is too developed to be treated
as being in early development but still not mature enough to be confidently used
for construction, procurement, or formal approval.

MMI can therefore be used as a way for managing uncertainty between project
phases where information is neither preliminary but not developed enough to get full
approval. This interpretation is important because it also helps explain why some
respondents question whether a completely new system is needed at all, given that
milestone-based structures already exist such as Level of Information Need (LOIN)
and Level of Development (LOD). However, the material suggests that there is a
lack of precision in how transitional states are handled. The strength in MMI is
in making the sub levels governable in a way that current practice does not fully
support. The Lead VDC Specialist has also emphasised that the practical value of
MMI lies in signalling when an object is ready to move forward, rather than simply
assigning it a label.

5.4 FMI and system thinking
The literature describes FMI in [6] as a necessary complement because complex con-
struction projects cannot be evaluated only by whether objects are installed. The
systems must also be functionally complete, tested, and progressively approved.
However, the empirical material, especially Sections 4.1.3 and 4.2.3, suggests that
FMI is less implemented in practice than MMI. This does not only mean that FMI is
underdeveloped, it also shows that the Swedish construction practice appears more
prepared to govern objects than functions. This shows that MMI and FMI cannot be
treated as two parallel frameworks developing at the same pace. They address differ-
ent governance challenges, MMI fits more naturally with existing structures around
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objects, visual modelling and staged delivery processes, while FMI requires projects
to define technical functions and systems. As a result, FMI therefore requires a dif-
ferent type of information structure and a different type of organisational discipline.
This suggests that a realistic implementation in Sweden should start with MMI, but
over time, it would need to develop into stronger connections between objects, tech-
nical systems, and functions. The Electrical Engineer in Section 4.2.3 mentioned
that functional maturity can possibly be connected to room-based requirement tools
such as dRofus which shows potential in adaptation.

5.5 Translating MMI and FMI logic into Swedish
context

Another analysis topic is that the Norwegian references should not be treated as
something that the Swedish construction industry either copies or rejects, as the
project logics are different. Therefore, the sector must translate the underlying logic
into Swedish contractual culture, project organisation, language, and existing mile-
stone traditions. This is also reflected in Section 4.1.2, where the workshop results
show that the Norwegian standard can serve as inspiration, but not something that
is going to be directly transferable.

The interviews further show that the real difficulty lies in compatibility with Swedish
contract structures, existing delivery systems, and how the sector talks about dif-
ferent project and document steps. This is also reflected in the interview with the
BIM Strategist that what matters most is not the exact label, but that the sector
develops a communicative structure and standard for project communication.

5.6 Making maturity information useful for project
governance

Another aspect identified is that the most difficult implementation zone lies in roles
such as managers, estimators and procurement managers. The study on related
work discusses the organisational and contractual implementation of model-based
work, while the results point toward problems around project management, pro-
curement, review, planning, and support for these actors, particularly in Section
4.1.7. The difficulty is seen to be in roles that are actively working for transitioning
the design to execution. These actors are still working within a governance system
that is centred around documents, milestones and broadly defined delivery packages.

As a result, implementation success depends more on whether the maturity infor-
mation in the model can be made clear, usable, and trusted. This interpretation
is strengthened by the BIM Developer’s comments regarding the routines and re-
flects that everyday practice depends on shared languages and habits may result in
more usability and understanding of the content. At the same time, the Lead VDC
Specialist’s reflections are hesitant to use yet another status system in addition to
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the existing ones, as it can lead to confusion. This shows that the current industry
needs to define a standard way of working with status levels to avoid confusion.

5.7 Selective implementation of MMI and FMI
Another analytical implication is that the material does not point toward a single
solution that works in all projects and disciplines. Instead, it points towards the
solution being scenario-based, where maturity logic is likely to provide more bene-
fits. This is shown in, for instance, complex projects that require a large number of
complex installations and objects in combination with strict project delivery condi-
tions. Analysing the study on related works in Sections 4.1.5 and 4.1.6, quantities,
control zones, and process integration are described as particularly strong drivers
of model-based value. This means that although MMI and FMI are not practically
beneficial to implement in all scenarios, it should not be perceived as a drawback.
Instead, a more realistic implementation of the indices in Swedish construction will
most likely proceed first through a mix of pilot projects and innovative company
challenges or clients’ specific requirements. As the construction industry is in an
ongoing paradigm shift, to successfully implement the indices and Total BIM, there
is a need to create routines, a common language in the industry, rather than being
implemented hastily. This is also aligned with the interview findings where partici-
pants have stated that Total BIM and MMI is currently tested in Kaj 16 as a pilot
project where it is deemed necessary and beneficial to work with status on object
level.

5.8 Sustainability aspect of MMI and FMI
The study of related works on sustainability has shown through Boverket [12], the
UNEP and GlobalABC report [22], the European Commission [23], Naturvårdsver-
ket [24], the Government of Sweden and UNFCCC [25], that the construction sector
is related to energy use, emissions, and lifecycle performance. These findings suggest
that MMI and FMI are not sustainability tools themselves but serve indirectly as
drivers toward more sustainable decisions because they may improve how informa-
tion is structured, timed, and trusted throughout the project lifecycle.

From that perspective, the sustainability relevance of MMI lies mainly in reducing
resource waste through a more efficient project process. The related background
work, especially [7] and [18], describes object maturity as something that is related
to project needs, decision-making, and buildability. In combination with the work-
shop results, a BIM Strategist describes quantities as one of the strongest drivers
of model-based work because they connect estimation, procurement, logistics, cost
control, environmental calculations and Life Cycle Assessment (LCA). A Researcher
adds that model-based quantities only become valuable when actors trust them. A
business area manager has also pointed out that creating quantity takeoffs can make
consultants take greater responsibility for the quality of their work. Analytically,
this shows that MMI may support environmental sustainability indirectly by re-
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ducing late changes, rework, and waste created by uncertainties. Furthermore, this
creates a more precise follow up on material and environmental planning.

Compared to MMI, the sustainability aspect of FMI is different and is more con-
nected to performance during the operation phase. [6] describes that technical sys-
tems may be installed without being functionally completed, and that FMI could
support Systematic Completion and operational readiness. Combining the empir-
ical material, the analysis shows that FMI could support both environmental and
social sustainability by reducing problems at operation, improving the performance
of systems and functions.

5.9 Tendering as a governance threshold
Tendering is one of the areas where the transition towards Total BIM becomes prac-
tically visible, where model information starts to affect prices, procurements, and
risks. The BIM Strategist connects model-based quantities with improved project
control, while the Researcher points out that quantities only become useful when
actors trust the model as an information source. This means that tendering is more
about whether the model is mature and reliable enough or not, rather than only
extracting quantities.

This also makes MMI relevant in the tendering process. The BIM Strategist, the
BIM Developer, and the Electrical Engineer describe MMI as a way of transitioning
status from document level to object level. From an analytical point of view, this
means that MMI can clarify which parts of the model are mature enough to support
quantity takeoffs, procurement, reviews, and handovers. This is important because
contractors need to know what model information they can rely on and where there
still are uncertainties.

At the same time, tendering also highlights the challenges related to digital re-
quirements. The Contracting Engineer argues that the requirements cannot be too
strict, since this may make some actors avoid the project during tendering. But at
the same time, it cannot be too weak either, because then they may be treated as
only optional. A Project Manager also warns that procurement, based on lowest
price or traditional risk transfer, can work against model-based processes and in-
stead encourage hybrid solutions or duplicated work. Tendering therefore becomes a
balance between ambition and usability, where client requirements, model maturity,
trust, and risk allocation must support the same way of working.

5.10 Implications for the research questions
For the first research question, MMI and FMI are most valuable in Swedish con-
struction when the indices themselves are used as a governance tool rather than as
additional BIM labels. When it comes to MMI, it appears to be a more practical
starting point compared to FMI for the paradigm shift as it indicates when the
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model information is mature enough to support decision-making. FMI is also im-
portant for the paradigm shift but it needs a stronger integration with requirements
and tests before it can become usable like MMI.

For the second research question, MMI can function as a common language when it
is used as not only a label that classifies an object based on its status on object level,
but instead to describe what the object is ready for. To ease into the usage of MMI
as part of common language, the numerical system could support filtering, colour
coding, and the generation of custom views. These processes could simplify the com-
munication of information between different roles and increase usability. However,
the findings could also be interpreted that the importance lies in actually having a
shared understanding of what each level means rather than focusing strictly on the
exact numbers. It is also important to have someone responsible for approvals and
determine through MMI as part of decision-making on what action to take.

For the last research question, the main opportunities relate mostly to reviews,
progress monitoring, when to make decisions, improved quantity management, and
stronger connections between design and production. MMI and FMI may also help
project teams identify which parts of a model are ready to be used, making it pos-
sible to act on more reliable information without waiting for an entire document
package to be completed.

The main challenges are organisational, contractual, and cultural rather than tech-
nical. Trusting in the drawings, unclear client requirements, procurement based
mainly on lowest price, limited data competence, and uncertainties regarding respon-
sibilities can all be reasons for why the adopting takes time. However, requirements
that are too demanding may instead risk excluding digitally matured organisations
and actors, while requirements that are too vague may provide little practical value.
As a result, implementing these indices in Sweden will likely depend on contrac-
tual frameworks and industry terminology, supported by guidance, training, and
practical pilot projects.
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The purpose of this master’s thesis is to investigate the potential role of Total BIM,
together with two supporting indices, Model Maturity Index (MMI) and Function
Maturity Index (FMI), in the Swedish construction process.

Based on the data collection from related works, workshops, and interviews, the
study concludes that the main dilemma is regarding how information is governed in
a Total BIM project. In current Hybrid BIM practices, models are often used for
visualisation, coordination and information support, while drawings and traditional
documents remain as the final basis for decisions and used in production. This cre-
ates a fragmented situation where several information carriers exist in parallel. If
different actors continue to rely on different sources of information, Total BIM will
not reach its full potential.

The findings show that MMI can support the paradigm shift by creating a clearer
structure for model maturity at object level. However, the value of MMI is not
mainly the fact that it adds new labels to model objects, but rather that it can clar-
ify what an object is ready for. Instead, MMI can be understood as a governance tool
for project planning and decision-making. It can help stakeholders determine when
information is mature enough for review, procurement, quantity takeoff, production
planning or construction. This is especially relevant in the transitional stages be-
tween the main project phases, where information is partially developed but not
yet fully reliable. This reduces uncertainties by making partial readiness between
project phases more visible and manageable.

The thesis also concludes that FMI is an important complement to MMI but that
it currently is under early development and not utilised. While MMI focuses on
objects and model information, FMI focuses on technical systems and functional
maturity. This is important because a construction project cannot be evaluated
only by whether objects are modelled, coordinated or installed. Technical systems
must also be tested and verified to function as intended for the client at handover.
FMI therefore contributes a system perspective that is necessary in complex projects,
especially in relation to Systematic Completion, testing and operation. At the same
time, the study indicates that FMI requires further development and connection to
contractual frameworks before it can become as practically useful as MMI.

The thesis further concludes that the implementation of MMI and FMI in Sweden
should not be treated as a direct copy of the Norwegian model. Norway can provide
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inspiration and practical experience, but Swedish implementation must be adapted
to Swedish contractual structures, existing project phases, industry language, and
standards. MMI and FMI are more likely to be accepted if they are connected to
project logics that actors already recognise, rather than introduced as external sys-
tems without clear relation to existing practice.

Another important conclusion is that the main barriers to Total BIM, MMI and FMI
are organisational, contractual and cultural rather than purely technological. The
necessary software and modelling tools already exist to a large extent. The main
focus areas lie in changing routines, requirements, procurement processes, leadership
structures and trust. Drawings still have a strong position in Swedish construction
because they are familiar, established and connected to contracts. For models to
take on a stronger role, they must become not only technically accurate, but also
trustable by organisations and stakeholders. This means that a successful imple-
mentation would depend heavily on clients, project management and organisation
lead. At the same time, stakeholders need to receive proper practical support to
turn the maturity information into action such as clear routines, checklists, and re-
view structures.

The potential benefits of MMI and FMI are mainly related to a clearer coordina-
tion, better timing of decisions, reduced uncertainty, improved review processes and
stronger connection between design information and production needs. The the-
sis also shows practical value in model-based quantities, where reliable model data
can support the process of quantity takeoffs for estimations, procurement, logistics,
cost- and environmental assessments. However, these benefits depend on trust in
the model. If estimation, procurement and production continue to use different in-
formation sources, the value of Total BIM principles is being reduced.

There are also risks connected to implementation. If model-based requirements such
as using maturity indices are introduced too strictly or too early, then they may in-
crease competence thresholds and make it more difficult for smaller or less digitally
mature actors to participate in the tendering stage. If the requirements are too
vague, however, then they may not change the work practice at all.

Overall, the thesis concludes that the Swedish construction sector does not neces-
sarily need MMI and FMI as the only possible frameworks, but it does need a more
structured way of managing information maturity in model-based projects. MMI
and FMI represent two possible tools for this development. Their value lies in help-
ing the construction industry move from a fragmented document-based information
management towards clearer governance of model-based information. For this to
happen, the sector must learn to govern information differently.

6.1 Future research
Potential further research should study how MMI and FMI can be implemented in
Swedish construction projects over time. Since this thesis is based on workshops and
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interviews, rather than a full case study of one or multiple projects, future research
could follow a project from early planning and design to production and handover in
order to examine how maturity levels are actually used in decision-making, review,
procurement and production planning processes.

Another relevant area for future research is the connection between MMI, FMI and
Swedish contractual frameworks. This thesis has discussed contractual development
at an overview level, but a more detailed legal study could be needed to examine
how model maturity, responsibility and contractual status could be formulated in
practice. This is especially relevant if digital models are given stronger contractual
importance in future standards such as AB27.

Further research should also examine how FMI can be made more operational. The
results of this thesis indicate that FMI is conceptually important, but less practi-
cally established than MMI. Future studies could therefore investigate how FMI can
be implemented in Swedish projects.

Lastly, future research could focus on the organisational side of implementation.
This includes how clients, project managers, design managers and production ac-
tors can be supported through guidelines, checklists, role descriptions, and training.
Since the main barriers identified in this thesis are not primarily technological but
rather organisational, further studies should focus on how trust, responsibility and
everyday project routines can be developed to support a more model-based way of
working.
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A
Appendix - Interview questions

1. As a tool used alongside Total BIM, MMI, and FMI have shown potential and
provide benefits to projects. Therefore, we are wondering how MMI and FMI
can be practically implemented in the Swedish construction sector. How can
we proceed with the implementation?

• Through laws and regulations?

2. How can we argue for the implementation of MMI when we have similar sys-
tems used in the construction sector?

• For instance, partial deliveries, classification systems such as programme
and construction documents?

3. A lot comes down to someone needing to take responsibility and dare to try
using MMI in the construction industry. What could the industry or other
stakeholders do to support this?
Could the state, company, municipality, or subsidies contribute?

• The up-and-coming AB27?
• Requirements?
• New or current EU laws and regulations?
• Environmental requirements?

4. How can we merge the usage of FMI with MMI? How do these methods go
hand in hand when it comes to projects?

• Do we need both in a contract before projecting?
• How are FMI and MMI determined in the construction process?
• How can project leaders proceed to implement these?
• Because we have not heard that this has been implemented yet, how do

you think it could work in the future?

5. Which difficulties or drawbacks are there to implementing MMI and FMI in
the Swedish construction sector?

• How can we tackle these challenges?

6. There are currently many existing statistics that prove 3D-modelling and To-
tal BIM are more effective than drawings. What are we lacking and need to
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A. Appendix - Interview questions

do when we need to open the eyes of other people?

7. What are your thoughts on Level of Development and Level of Detail, as these
terms are very close to MMI and FMI?

• How are LOD and LoD used today?
• Could we somehow merge these concepts?
• Can we take inspiration from LOD and LoD implementation to MMI and

FMI?
• If we add MMI and FMI, what will be left of LOD and LoD - system?

How are LOD and LoD used today?
Could we merge these concepts somehow? Can we take inspiration from LOD
and LoD implementation to MMI and FMI?
If we add MMI and FMI, what will be left of LOD and LoD - system?

8. Is there something else besides what we have mentioned that you think we are
missing or want to bring up?
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