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Abstract: This paper investigates cross-domain interface complexity in a multi-brand heavy vehicle development
project using a Multi-Domain Matrix (MDM) approach. The MDM integrates four domains - flow organization,
governance, process, and line organization - to capture interdependencies that are typically addressed in isolation.
Building on established DSM research, the study applies an MDM-based analysis to a real-world multi-brand context
in order to improve transparency and governance of interfaces. A structured expert workshop was conducted to model
selected critical interfaces and their cross-domain relationships. The exploratory analysis indicates that organizational
and governance-related elements play a prominent role in the selected scope of the study. Moreover, the analysis reveals
heterogeneous interface profiles and interdependencies across interfaces. Overall, the paper demonstrates how an MDM-
based data acquisition and modeling approach can support the systematic identification and analysis of cross-domain
interfaces and provide a structured basis for improved interface management in complex multi-brand development
settings.

Multi-Domain Matrix (MDM), Multi-Brand Governance, Multi-Brand Product Development, Cross-Domain Interfaces

1 Motivation

Complex multi-brand engineering projects - such as those in the heavy truck industry - involve tightly interwoven
dependencies across different products, processes, and organizations. Interfaces between sub-projects or brands often
become bottlenecks because they span heterogeneous organizational structures, processes, and decision-making paths
(Beernaert et al., 2022; Mitschang et al., 2025; Ramachandran, 2019). Traditional modeling approaches (e.g., focusing
only on technical interfaces or on process workflows) are insufficient for capturing this multi-domain complexity
(Beernaert et al., 2022; Parraguez et al., 2016). Prior studies have identified organizational misalignments and inadequate
governance links as major causes of interface problems in distributed development settings. For instance, large-scale
empirical research has shown that when product components interact without corresponding communication between the
responsible teams, integration issues proliferate (Sosa et al., 2004). In multi-brand contexts, this risk is amplified by
divergent corporate processes and cultures, leading to interface “misalignments” that can cause delays and inefficiencies
if not properly managed (Songhori and Nasiry, 2020).

There are initial studies in the specific context of multi-brand product development that suggest matrix-based approaches
may be useful for analyzing complex interfaces. Mitschang et al. (2026), for example, show that extending dependency
modeling to multi-organization settings can expose critical interdependencies, but this has not yet been investigated in
greater detail for the specific challenges of multi-brand interface complexity. At the same time, there are established
examples in the broader literature where classical DSM logic has been extended towards Multi-Domain Matrix (MDM)
applications in order to address cross-domain challenges (Browning and Yassine, 2016; Eppinger and Browning, 2012;
Kherbachi et al., 2015; Narayanan et al., 2021). However, these applications do not comprehensively address the concrete
case of multi-brand product development. In particular, existing approaches do not jointly model governance, process,
flow, and line organization elements in a way that is tailored to multi-brand interfaces (Mitschang et al., 2026). The
methodological gap therefore lies not in proposing a new matrix form, but in systematically applying and adapting the
MDM principle to the specific interface challenges of multi-brand development. Even advanced DSM/MDM applications,
such as Beernaert et al. (2022), still address only selected dimensions and do not sufficiently cover cross-brand governance
structures or heterogeneous organizational processes.

To address this gap, our study follows the objective of developing an MDM-based modeling procedure to structure cross-
domain interface data in multi-brand PDPs. We pose the following research question: What types of interface-related
insights can be derived from an exploratory MDM-based analysis of selected critical interfaces? By fulfilling the research
objective, the paper aims to provide an exploratory application of an MDM-centered modeling procedure and examine the
type of insights that can be generated from a smaller scope of critical interfaces.
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2 Methodology

This chapter provides the theoretical basis and outlines the methodological approach for analyzing cross-domain interfaces
in the multi-brand product development context. It begins by introducing key dependency modeling concepts relevant to
interface management. The case study is used as an explorative data acquisition procedure to populate initially missing
DMM relations between interfaces and organizational, governance, process, and line-organization domains.

2.1 Theoretical Background

A DSM is a matrix-based representation of pairwise dependencies among elements within a single domain. DSMs have
been widely used to model product architectures, process task sequences, and organizational interactions (Eppinger and
Browning, 2012). A DSM helps identify clusters of tightly coupled elements and reveals patterns such as feedback loops
within one system aspect. However, a traditional DSM cannot capture inter-domain relationships, since it is limited to one
element type at a time. (Maurer and Lindemann, 2010)

The MDM extends this concept by integrating multiple DSMs into a single, cross-domain dependency network. In an
MDM, each domain is represented by its own DSM, and the off-diagonal blocks are Domain Mapping Matrices (DMMs)
that denote dependencies between domains (Maurer and Lindemann, 2010). For example, an MDM could include a
product DSM, a process DSM, and an organization DSM, with DMMs linking product components to development steps,
process steps to responsible teams, etc. This approach provides a holistic view of the system’s structure. It increases
structural transparency across technical, procedural, and organizational interfaces, which is crucial for complex projects.
The trade-off is higher complexity in data collection and analysis: constructing a large MDM requires extensive
information from different domains, and analyzing it may demand advanced algorithms. Recent research has begun to
address this by applying network analytics to MDMs, but case studies remain relatively few (Torres et al. 2020;
Biedermann and Lindemann, 2009; Kherbachi et al., 2015).

Figure 1 illustrates the conceptual MDM structure used in this study. In general, an MDM is composed of intra-domain
DSMs and inter-domain DMMs. While a DSM represents dependencies among elements of the same domain, a DMM
captures relationships between elements of two different domains. Combining these matrices enables the representation
of a broader dependency network across several system perspectives.

Interface Organization Governance Process
Structure Structure Structure
DSM DMM DMM DMM
Interface DSM: Elements and
i xi ixo ixg ixp dependencies pre-filled
according to existing interface
Organization | | Governance- Process documentation.
Structure Organization Organization
DSM DMM DMM F———
Interface Organization Governance Process
oxo oxg oxp Structure Structure Structure
DSM DMM DMM DMM
Governance Process- L . . .
Structure Governance Jul e s Ve
DSM DMM
gxg axp /—/J

DMMs: Element from each domain pre-filled

Process " € 5
Stnictire according to documentations. Dependencies to
DSM interfaces not documented.
pXxp

Figure 1. Concept of the MDM to analyze the dependencies to the organization from interfaces

In the present study, the starting point is an interface-interface DSM that represents documented dependencies among
interfaces. This i x i matrix describes how the documented interfaces are related to each other within the considered
interface landscape. This DSM is then complemented by additional domains that are relevant for analyzing cross-domain
interface complexity in a multi-brand product development context. While Figure 1 illustrates a generic MDM structure
with an organizational domain, the industrial application required this domain to be differentiated into flow organization
and line organization, since both perspectives jointly shape interface work. Accordingly, the applied MDM considers flow
organization, line organization, governance, and process. The element landscapes of these domains are known from
existing project and organizational documentation. However, the explicit assignments between interfaces and domain
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elements are not sufficiently documented. In particular, it remains unclear which organizational flows, governance bodies,
process elements, and line-organization units are relevant for each interface.

Therefore, the full MDM cannot be constructed from the existing documentation alone. To complete the MDM structure,
the DMMs between the interface domain and the four additional domains have to be populated. The case study is used to
elicit the missing interface-domain relations in a structured workshop setting and to transform implicit expert knowledge
into explicit matrix entries. In this sense, the case study goes beyond data collection: it tests, in a limited setting, whether
the elicitation of missing interface-domain relations can create an initially populated MDM that provides sufficient
structural interpretation to assess the potential value of further scaling.

A fully populated MDM would subsequently allow further DSMs and DMMs to be derived, for example through matrix
multiplication, and analyzed to investigate dependencies within the organizational, governance, or process domains
induced by common interface relations. Such extended analyses represent the broader objective of the overall research
approach. The present paper, however, focuses on the red highlighted part in Figure 1: the exploratory elicitation and
initial modeling of the interface-domain mappings required to enable subsequent MDM-based analysis.

Three theoretical perspectives underpin our use of the MDM. First, the mirroring hypothesis (Colfer and Baldwin, 2016)
argues that a product’s architecture and the organization’s structure should mirror each other. Misalignment - i.e., a
technical interface that spans organizational boundaries without a matching communication link - tends to create
integration problems (Sosa et al., 2004). Here, the MDM comprises four domains: flow organization, understood as cross-
brand coordination flows or value streams; governance, understood as cross- and intra-brand decision and alignment
forums; process, understood as the major development phases and milestones; and line organization, understood as the
formal hierarchical units within each brand or the group organization. By integrating these domains, our MDM allows us
to identify mirroring misalignments by revealing interfaces with strong technical dependencies but insufficient governance
or organizational embedding. Second, interface maturity has been quantified using Integration Readiness Levels (IRLS)
on a 1-7 scale (Sauser et al., 2009). Low IRLs indicate interfaces that are not well-defined or tested, hence high-risk.
Building on this, Beernaert et al. (2022) integrated DSM models with IRL assessments to compute a Collaborative
Interface Risk Index (CIRI) as a quantitative measure of interface risk in multi-partner projects. Third, prior applications
of MDM-like models in distributed projects demonstrated their value: Kherbachi et al. (2015) used a multi-domain
mapping to uncover hidden coordination needs in a global automotive project, and Narayanan et al. (2021) applied an
MDM in a large agile software program to reveal cross-team dependencies that were not evident in standard planning.
These studies show that a multi-domain view can expose critical interdependencies across different organizations and
disciplines - exactly the scenario in a multi-brand engineering effort.

However, prior work has rarely included corporate governance structures or multi-brand organization explicitly in the
modeling (Mitschang et al., 2025). Our approach applies the MDM methodology to incorporate these domains, addressing
the identified gap.

2.2 Case Study Context and Workshop Approach

We tested our MDM approach in the context of a multi-brand truck development project within a large automotive group.
The study was carried out shortly after a corporate merger of several truck brands within the corporate group. This specific
case study was conducted in one of the merged brands with a strong focus on their brand's development organization. For
the case study, experts were consulted who were responsible for, or had worked on, the focal interfaces. The broader cross-
brand interface landscape considered in this study comprises approximately 650 aligned interfaces. Observations from
interface-related project work and exchanges with practitioners indicate that modeling all interfaces and their
interdependencies at a detailed level would require disproportionate effort. Therefore, the approach distinguishes between
a coarse-grained representation of the overall interface landscape to capture context and general relationships, and a fine-
grained MDM-based analysis for selected critical interfaces, which is the exploratory focus of this paper. With regard to
the material at present, it was observed that the interfaces are organized into ten groups. In this case, the arrangement
corresponds to the chronological sequence of the Product Development Process (PDP).

Figure 2 shows a standard PDP in a swim-lane diagram, segmented by key phases and milestones. The diagram serves as
an organizing framework for development projects. This multi-lane format highlights how parallel development streams
progress through common stage-gates, giving a clear overview of a complex development workflow. The sequence of
phases reflects a conventional single-brand PDP as a baseline, where one brand assumes all development responsibilities.

Figure 3 provides a simplified representation of the organizational logic underlying a multi-brand R&D collaboration. It
shows how group-level and brand-level actors jointly form the development setting from which a shared kit is created
under group responsibility. This shared kit constitutes the common development basis across brands. At the same time,
the individual brands use this basis to realize their own brand-specific differentiation. In this way, the figure illustrates the
structural interplay between centralization at group level and differentiation at brand level.
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Figure 3. Multi-brand development setup based on a shared kit

Figure 4 illustrates how responsibilities shift over time in the multi-brand PDP. While the PDP’s phases and milestones
remain the same as in a single-brand scenario, accountability is distributed across multiple entities. In this case early
concept and platform development stages are led predominantly by group-level or platform teams. As the project advances
toward complete vehicle integration and brand-specific differentiation, responsibility gradually transitions to the
individual brand organizations. The left side of Figure 3 provides a schematic view of this shift from group-level to brand-
level ownership, and the right side applies the same shift to the swim-lane timeline. This underscores that the PDP structure
stays consistent, but who leads at each stage changes in a multi-brand context.
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Figure 4. Schematic milestone plan of a joint PDP
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Out of twelve interfaces initially identified in a pre-alignment meeting, we selected three interfaces for in-depth application
of our MDM approach. The three interfaces are therefore not intended to represent the full interface population. For
example, one interface centered on integrating common platform components across multiple brands. All chosen interfaces
are within the "Validation and Verification" representing one of the qualitative visualized interface clusters (see Figure 2).
The chosen validation interfaces in particular required coordinating the planning, provisioning, and modification of test
vehicles - a critical factor because the scope of physical testing must align with evolving requirements, and any late changes
demand corresponding adjustments to test vehicles.

Table 2 provides a concise overview of the three selected interfaces and situates them within the case study context. The
descriptions summarize the functional scope and coordination focus of each interface, serving as a reference point for the
subsequent MDM analysis. They are formulated at an abstract level to support understanding of the interface logic and
challenges in a multi-brand PDP without introducing company-specific operational detail.
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Table 2. Interface description

Interface 1 Interface 2 Interface 3
Coordination of shared test Cross-organizational Clarification of formal
vehicle fleets across coordination of prototype ownership and ultimate
organizational boundaries in and test vehicle build accountability for test
a multi-brand PDP. activities. vehicles in operation.
Alignment of vehicle allocation, Synchronization of ordering, Explicit assignment of
usage, updates, and parts availability, and responsibility for regulatory
lifecycle decisions under assembly planning across compliance and lawful
distributed ownership. multiple units. vehicle use despite shared
Focus on balancing shared Emphasis on aligning utilization.
utilization with clearly contributions from different Provision of a clear governance
assigned responsibilities organizational entities to anchor for vehicles
across brands. ensure timely and consistent operating across
builds. organizational boundaries.

Prior to the workshop, the moderators conducted preparatory alignment meetings and reviewed the available interface
documentation and supporting materials in order to define the scope of analysis and establish a consistent basis for the
modeling activity (see Figure 5). During the fore-hour workshop itself, three experts who were responsible for the
interfaces under consideration collaboratively built the MDM model for the selected interfaces. We defined four key
domains in a template (see Figure 6) to map: (1) flow organization, (2) governance committees (cross- and intra-brand
decision and alignment forums), (3) processes (milestones and process steps in the development lifecycle), and (4) line
organization units (the involved teams or departments from each brand or group organization). For each of the three
interfaces, the group first listed the relevant elements in each domain (e.g., specific committees, particular process gates,
etc.). We then identified inter-domain dependencies, for instance which committees govern which process steps, which
teams participate in which committees, and which process steps contribute which inputs into the flow organization. These
relations were systematically recorded into the MDM using matrices drawn on large boards and later digitized. The
resulting MDM comprised 65 unique elements across the four domains and the three selected interfaces, together with
numerous mapped dependencies. Throughout the workshop, the moderators ensured that the definitions of elements and
dependencies were applied consistently. After populating the MDM, the three experts jointly reviewed the model for
completeness and correctness, thereby providing a shared validation of both the identified elements and the mapped
dependencies.

The case study template (see Figure 6) operationalizes the DMM elicitation by asking which domain elements are relevant
for each selected interface. Flow organization denotes cross-brand coordination flows or value streams that cut across
formal structures, whereas line organization refers to the formal hierarchical units (teams and departments) within each
brand or the group organization. The governance domain encompasses cross- and intra-brand decision forums, and the
process domain covers major development phases and milestones.

(1) Pre Alignment (2) Case Study Preparation 3) Case Study Execution (4) Post Proceeding (5) Case Study Results

Identification of relevant Preparation of case study . Method introduction Completion of case study Handover of case study
scope for case study . Analyzing document for . Introduction into scope documentation results to participants
Handover of relevant relevant information . Analyzing for elements . Transition from case study . Presentation further
documents . Prefilling of case study interface by interface and template to MDM implications based on
Alignment on timeline template based in collected domain by domain documentation findings
information and pre alignment = Analyzing for interdepend- . Analysis of the case study . Collect feedback on the case
dencies between interfaces data study and results

Figure 5. Case study procedure
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Figure 6. Case Study Template
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For analysis, we employed both quantitative and qualitative techniques. Quantitatively, we counted the number of elements
per interface and per domain, and visualized the distribution of element types within each interface (to see, e.g., if an
interface is dominated by organizational elements or process elements). We also noted how many interfaces each element
appeared in, as an indicator of coupling between interfaces (for example, a particular process milestone might be involved
in two interfaces, linking them). Qualitatively, we examined the content and role of each interface: what does each interface
primarily deal with, and how do the interfaces relate to each other? We paid special attention to any sequential relationships
(did one interface’s outcomes feed into another?) and to differences in the nature of interfaces (were some more about
governance coordination and others about operational alignment?). This mixed analysis approach allowed us to interpret
the MDM data in the context of the project’s workflow and organization.

3 Results

An excerpt of the completed MDM model is shown in Figure 7, mapping interface relationships after the case study. This
model integrates an Interface DSM and a DMM for each considered domain. The interface DSM includes all twelve
identified interfaces to display the dependencies around the three focus interfaces (named in the following contribution
"Interface™ 1-3) to this case study. In contrast, each domain-specific matrix narrows its scope to those three selected
interfaces, which are highlighted in red in the figure.

Interfaces Domain Domain Domain Domain
Flow- Process Governance Line-Organization

Organization
ixf ixp ixg ixo

Figure 7. Segment of MDM documentation

65 interface-domain allocations were elicited for the three selected interfaces. We observed that these elements are
distributed very unevenly among the interfaces: Interface 2 alone contains 43 elements, whereas Interface 1 contains 15
and Interface 3 only 7. In other words, Interface 2 emerges as a clear complexity hotspot within the scope of this
explorative case study, concentrating the majority of cross-domain interactions. This interface was indeed identified in
advance as critical, and the MDM data strongly reinforce its importance in this shown context. Looking at the domain
composition, we found that organizational and governance elements dominate overall. Out of 65 elements, 26 were
categorized under line organization and 17 under governance, totaling 43 elements (~66%). In contrast, we identified 13
flow organization (~20%) and only 9 process elements (~14%). This means that two-thirds of the interface content relates
to who is involved (which team/department) and how decisions are made, rather than the specifics of what process step or
technical artifact is being exchanged. For the interfaces considered in this case study, the mapped element distribution
indicates that organizational structure and governance played a more prominent role in interface complexity than process-
related elements.

Examining each interface individually reveals distinct profiles (the “fingerprints” of each interface in terms of domain
mix):

Interface 1 involves 15 elements, of which 6 are line organization, 4 are governance, 3 are flow organization, and 2
involved process elements. This interface, accordingly, is characterized as organization/governance-heavy - it
largely concerns coordinating people and decisions across the brand's needs.

Interface 2 contains 19 line organization, 14 governance, and 8 flow organization, but just 2 process elements. This
interface appears to be strongly governance-oriented as well, involving many decision bodies across brands and
corresponding organizational stakeholders within the group. The relatively low number of process steps
explicitly listed suggests that Interface 2’s challenges lie not in what the process is, but in who needs to agree
and how they interact.

Interface 3, with 7 elements, stands out as fundamentally different. It has no flow organization and no governance
elements. Instead, it involves 3 processes elements and 4 line organization elements. Interface 3 is thus a
process-driven interface, focused on operational coordination.
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These differences show that the three interfaces take on different profiles - an outcome that is consistent with their
functional roles. Interface 3, being focused on formal coordination of legal compliance and operational use, is a process-
centric interface primarily concerned with execution and procedural alignment. By contrast, Interface 1 (coordinating the
shared test fleet) and Interface 2 (coordinating prototype build) are both structure-centric (governance-heavy) interfaces
that focus largely on aligning organizations, resources, and decisions across brand boundaries. Such distinctions were not
evident prior to the MDM analysis, but the cross-domain view made them clear.

In summary, three main results emerge from the MDM data. (a) Structural vs. process dominance: Overall, structural
factors (organizational roles and governance mechanisms) clearly outweigh process factors, emphasizing that the mapped
data suggest that the organizational and governance structures contributes strongly to the observed complexity of the
selected interfaces. (b) Complexity hotspot: One interface, Interface 2, accounts for a disproportionate share of the
elements (about 60% of all items). Given Interface 2’s broad coordination remit, it naturally emerges as a complexity
“hub”, reinforcing the need to prioritize it in risk mitigation and resource allocation. (c) Interface archetypes: The observed
profiles may serve as preliminary interface archetypes that can guide further investigations. We observed that the selected
interfaces fall into distinct categories (two governance-heavy vs. one process-heavy) that likely require different
management approaches. In addition, some elements appear in multiple interfaces, indicating sequential links between
them. For example, an engineering checkpoint might first arise in Interface 1 as part of a brand-specific development step,
then be escalated via Interface 2 in a cross-brand committee for alignment, and finally trigger a joint testing activity in
Interface 3. This chaining of interfaces - difficult to recognize without an integrated view - shows that Interfaces 1, 2, and
3 are sequentially interdependent rather than isolated. This interpretation is based on expert-elicited overlaps and directed
dependencies and should be further validated with a broader interface set.

4 Discussion

The results above indicate that a structured MDM approach can indeed capture and illuminate cross-domain interface
complexity in a multi-brand development context, even at a limited pilot scale. Several implications arise from these
findings. First, the identification of Interface 2 as a complexity “hub” illustrates how an MDM can pinpoint critical
coordination areas. In our model, Interface 2 stands out as a highly connected node. If problems occur in such a central
interface, they are likely to ripple across multiple domains, other interfaces, and stakeholders. The integrated representation
made dependencies visible that were not explicit in the available interface documentation. By aggregating a wider scope
of interactions, the MDM made this cluster of dependencies visible. This suggests that management should prioritize
Interface 2 for close monitoring and support (e.g., by assigning dedicated integration roles or extra resources), as it carries
much of the complexity load. Notably, the data also caution that an interface with fewer elements (such as Interface 3) is
not automatically trivial. In our case, Interface 3 involves several key process steps without which the interface activity
cannot progress. Managers should therefore avoid overlooking interfaces solely due to a lower count of interactions; a
qualitative understanding of each interface’s role remains essential.

Second, the MDM revealed a temporal and logical linkage among the interfaces: Interfaces 1, 2, and 3 form a sequential
chain from concept alignment (Interface 1) through cross-brand decision-making (Interface 2) into execution and
validation (Interface 3). We discovered this through overlapping elements and directed dependencies. For example,
decisions made in Interface 1 feed into committee discussions in Interface 2, which then set the stage for actions in
Interface 3. This interrelationship was not explicitly recognized by the project team. The MDM analysis made their
interdependence clear. Recognizing such a chain underscores the need for synchronization across interfaces (e.g., ensuring
outputs from Interface 1 are available in time for Interface 2’s forums) and suggests that some downstream issues may
originate upstream. In essence, the MDM broadened the scope of interface management to consider inter-interface
dependencies.

Third, distinct domain compositions across the interfaces point to different interface archetypes. In our case, two interfaces
(1 and 2) are heavily centered on governance and organizational alignment, whereas one interface (3) is predominantly
process-focused. Identifying these profiles guides how each interface should be managed. Governance-heavy interfaces
likely benefit from measures such as clarifying decision rights, streamlining committee structures, or reducing overlapping
roles. The MDM revealed a great deal of “who” and “where” complexity in these interfaces - multiple committees and
departments across brands - so simplifying the stakeholder landscape could reduce their complexity. In contrast, a process-
centric interface requires ensuring that timelines and workflows are properly coordinated and that key process steps have
clear ownership. The relative absence of governance elements in Interface 3 might even indicate a gap, suggesting that
this operational interface could benefit from an explicit escalation path or oversight mechanism. These considerations
illustrate how the MDM’s granular insights enable tailored interface management strategies. Rather than a one-size-fits-
all approach, the project can differentiate its interface governance according to each interface’s type. This notion of
interface archetypes could extend to other multi-domain projects, where some interfaces may similarly prove to be
predominantly organizational while others are more technical or processual.
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Another notable observation is the role of Interface 1 as an “enabler” for the others. Interface 1 provides inputs and
prerequisites (e.g., aligned requirements, baseline concepts) that Interfaces 2 and 3 depend on. The MDM displayed this
through asymmetrical relationships - many links from Interface 1’s elements into Interfaces 2 and 3, but few in reverse. It
follows that if Interface 1 is weak (for example, if early alignment is poor or requirements are unstable), then Interfaces 2
and 3 could inevitably struggle. Indeed, after seeing this result, the project team decided to invest additional effort in
Interface 1 during the next development cycle, recognizing that strengthening the earliest interface would pay off
downstream. This cause-and-effect insight across interfaces was only realized by examining the integrated MDM, rather
than treating each interface or domain in isolation.

Reflecting on our initial expectations, the findings support our initial assumptions. We anticipated that organizational and
governance misalignments would be a major source of interface complexity, and the data confirm this: the majority of
elements mapped were organizational or governance-related, underscoring the importance of cross-brand management
structures. We also expected the MDM to reveal previously hidden issues; indeed, the emergence of Interface 2 as a
complexity hotspot and the discovery of the interface chain strongly support this, as neither insight was evident from the
interface standard documentation or siloed reports. Finally, we suspected that distinct interface patterns might surface, and
the contrast between Interfaces 1 and 2 versus 3 confirms this. Taken together, these outcomes demonstrate that an MDM
approach can make latent interface complexity visible and actionable.

A comparison was also made between our findings and a reference scenario based on an earlier case study from a different
engineering domain (homologation) involving a total of 26 interfaces. In that reference case - homologation being a later
PDP phase in which development is largely handled within individual brands under strict regulatory protocols - interfaces
averaged only 5-6 elements and included no flow-organization elements, indicating much lower cross-brand complexity.
By contrast, our current validation and testing case (an earlier phase of the PDP that still entails significant cross-brand
coordination) yielded substantially higher element counts per interface and a richer mix of domains. The two cases are not
directly comparable, but this disparity highlights how differences in context and responsibility distribution can lead to
very different interface densities. In our study, the larger counts reflect not only a broader cross-organizational scope but
also a more thorough integrative analysis: during the workshop, we captured several informal dependencies and
coordination links not documented formally, which enriched the MDM. We interpret these differences as the MDM
exposing hidden complexity rather than over-complicating the picture. In essence, the integrated MDM perspective
provided a more complete view of interface interactions, enabling deeper insights and discussion.

Scalability is a central challenge. The workshop-based approach is not intended to be linearly applied to all 650 interfaces.
Instead, it can be used as a prioritization and sampling mechanism for critical interfaces, supported by pre-filled
documentation, automated data extraction, and iterative maintenance roles.

Finally, the MDM served not just as an analysis tool but also as a communication aid. In the exploratory setting, the
partially populated MDM supported shared interpretation among experts rather than automated optimization. After the
workshop, the integrated matrix diagram was shared in management meetings, helping team members see issues beyond
their own domains and fostering a shared understanding of the interface network. The exercise showed that even a
manually constructed MDM can act as an effective platform for cross-functional dialogue and problem-solving. In that
sense, our study provides an initial validation that the MDM format offers a solid basis for asking the right questions about
interfaces and for guiding a more holistic discussion of coordination challenges. This suggests that the MDM approach is
a viable foundation to build upon in pursuit of more systematic interface management in multi-brand settings.

5 Limitations

While the case study yielded actionable insights, our approach has several limitations. First, the scope was deliberately
restricted to three interfaces (out of an identified twelve) within one development phase of a multi-brand development
context. These interfaces were selected for their perceived importance, which introduces a selection bias: our findings
pertain to critical interfaces, and simpler or less contentious interfaces might exhibit different characteristics. Moreover,
the context is a single multi-brand engineering attempt in the truck industry; hence, the generalizability of specific results
is limited. We cannot claim that the exact numerical distributions or interface archetypes observed will hold in other
settings. What we offer is an approach and illustrative findings, rather than a general theory of interfaces. Consequently,
the case study supports analytical generalization of the modeling procedure, but not statistical generalization of the
observed element distribution among the domains. Further studies should apply the MDM approach to other multi-brand
interface settings to see if similar patterns recur.

Second, our data rely on a one-time expert workshop involving only one brand, meaning the MDM model reflects the
combined knowledge of participants at that moment. We built the model using available documentation as a starting point
and then augmented it with the practitioners’ insights. This process captured a number of informal coordination links that
complemented the formally documented interfaces, enriching the overall picture. However, the completeness of the MDM
still depends on the information brought up by the participants. It is possible that some dependencies were overlooked, for
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example, an informal communication channel that wasn’t mentioned would not appear in the model. We attempted to
mitigate this risk through careful facilitation and cross-checking, but the MDM is ultimately only as comprehensive as the
inputs provided. Using additional data sources (e.g., project documentation, communication logs, or observations) could
improve coverage of interfaces, but this was not readily available.

Third, the MDM represents a static snapshot of a moving interface network. Our analysis captured the interface structure
at one point in time; any subsequent process changes, reorganizations, or emerging interfaces are not reflected. Because
this study was a retrospective diagnostic, a one-time snapshot was sufficient for our research purpose, but in practice a
live project would need to keep the model updated to remain useful. Maintaining an MDM dynamically poses challenges,
as it requires ongoing data gathering and ownership to update the matrix. In our case, the model was not updated after the
workshop, so its validity naturally diminishes as the interfaces evolve. For practical implementation, organizations would
need to establish processes or roles to keep the MDM current. The static nature of our study also means we did not observe
how interface dynamics might change over time or in response to interventions we captured only a baseline situation.

Additionally, our analysis approach has limits. The study deliberately focuses on data acquisition and initial structure
interpretation; advanced MDM analyses such as centrality, clustering, or weighted dependency assessment are outside the
scope of this paper. We primarily used simple metrics (element counts and domain percentages per interface) and
qualitative expert interpretation to draw conclusions. We did not, for instance, calculate network centrality indices or apply
algorithmic cluster detection on the MDM, which could potentially yield deeper insights. Nor did we formally assess
interface risk or criticality beyond size and perceived importance. The number of elements was used as a rough proxy for
complexity; while indicative, it is an imperfect measure - an interface with fewer, high-stakes dependencies could be more
critical than one with many routine dependencies. In future work, integrating quantitative measures of interface criticality
or risk, perhaps inspired by IRL/CIRI concepts, would complement the structural perspective provided by the MDM
(Beernaert et al., 2022; Kherbachi et al., 2015). Such enhancements could make the analysis more robust by highlighting
not just where complexity lies, but how severe the implications of that complexity might be.

Finally, the findings must be interpreted within their organizational context. For example, the heavy weight towards
organizational elements in our case might partly reflect the particular structure of the company we studied. Another
company with a different setup - say, with more unified processes or fewer decision forums - might find a different balance
of domain elements. Thus, while we argue that the MDM method is broadly applicable, specific quantitative outcomes
(like “66% governance content”) are likely context-dependent and should not be over-generalized. Our contribution is to
showcase the method and the kind of insights it can generate, rather than to provide universally applicable metrics.
Recognizing these limitations, we view this study as an exploratory validation. Despite its bounds, it demonstrates that the
MDM approach can represent multi-domain interface complexity in a manageable way, providing a foundation for more
comprehensive analysis and indicating clear directions for future work.

6 Conclusion and further implications

In conclusion, this exploratory case study indicates that an MDM-based modeling procedure can structure the capturing
of missing cross-domain interface data and support initial interpretation of interface complexity. Building on the generic
MDM structure, the industrial application differentiated the organizational domain into flow organization and line
organization and combined these with governance and process domains. This context-specific adaptation enabled the
model to capture complex interface interdependencies and identify critical patterns that traditional siloed analyses might
overlook.

The findings first address the methodological objective of this paper. The study resulted in a structured modeling procedure
for eliciting interface-domain relations in a multi-brand PDP context. By linking selected interfaces to flow organization,
line organization, governance, and process elements, the procedure provides a transparent basis for documenting cross-
domain interface dependencies and for making implicit coordination knowledge explicit.

With regard to the research question, the exploratory case study shows what types of interface-related insights can be
derived from an initially populated MDM. The analysis indicates that the selected critical interfaces differ substantially in
their domain composition and dependency patterns. In particular, the case study revealed a potential complexity hotspot
in Interface 2, preliminary interface profiles, and sequential dependencies between the selected interfaces. These findings
indicate that an MDM-based analysis can support the identification of relevant coordination and governance issues, while
further work is required to validate these insights across a broader interface landscape.

These objectives were achieved on a small pilot scale, and some open points remain. The study delivered a proof of concept
for the MDM approach by mapping three priority interfaces and qualitatively validating improved stakeholder
understanding. However, the analysis was limited to a subset of interfaces in one project, so the generalizability of specific
insights is limited. In addition, our approach relied on manual workshops and simple metrics (such as element counts) to
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assess complexity. As a result, certain aspects-like quantitatively measuring interface criticality or capturing dynamic
changes over time-could not be fully addressed and warrant further investigation.

The positive outcomes of this pilot suggest clear directions for future work. A logical next step is to scale up the scope to
include more interfaces or even an entire multi-brand interface landscape, which would test the method’s robustness and
provide a more comprehensive view of cross-domain complexity. Building on a broader dataset, formal metrics and
algorithmic analyses can be introduced to enhance the method’s analytical power. For example, interface complexity or
risk levels could be quantified (inspired by concepts like IRL/CIRI), and network analysis techniques (e.g., centrality
measures or clustering algorithms) could be applied to the MDM to automatically identify critical interface structures or
emergent patterns. Such quantitative extensions would enable semi-automated detection of interface hotspots and more
data-driven optimization of the interface network. In summary, this work serves as an initial step toward a more integrated
method for multi-brand interface management. We encourage continued research to refine and scale the MDM approach,
laying the groundwork for advanced tools that can help govern and optimize complex multi-brand PDP interface networks.
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