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1 Introduction

Over the past two decades, the smartphone industry has experienced substantial technological progress, including advances
in processing power, camera systems, displays, connectivity, and artificial intelligence. Despite this technological
acceleration, innovation in smartphone external form has become increasingly incremental. Compared with earlier
generations of mobile phones, which introduced diverse physical configurations and form factors, contemporary
smartphones have progressively converged toward a relatively stable architecture characterized by large touchscreens,
minimal physical controls, and similar overall proportions.

This phenomenon raises an important question for product design research: how do the interdependencies among
technological, architectural, strategic, and design-related factors shape the evolution of product-form variety and radical
product-form innovation? Differentiation has increasingly shifted toward software ecosystems, computational capabilities,
and services, while external product-form has remained comparatively stable.

Previous research has examined several relevant dimensions from different disciplinary perspectives. Studies of brand
identity and design language have investigated how corporate identity is translated into coherent product characteristics
across successive generations (Karjalainen, 2003; Karjalainen, 2004). Design-Driven Innovation research has shown how
radical innovation can emerge through changes in product meaning rather than technological advancement alone
(Verganti, 2008). Other studies have examined product language innovation and heterogeneity (Dell’Era and Verganti,
2007; Simoni et al., 2014), consistency and relevance in design and branding (Beverland et al., 2015), and standardization
in product development (Grossmann et al., 2015; Grossmann et al., 2016).

From an engineering perspective, product variety is also shaped by interdependencies among standardization, product
architecture, modularity, and interface structures. Research on modular product architectures and product-family design
demonstrates how architectural decisions influence commonality, modular configuration, and the generation and
management of product variants (Mikkola and Gassmann, 2003; Martin and Ishii, 2002; Fujita, 2002). These studies
indicate that engineering architectures can simultaneously enable product variety and impose structural constraints through
standardization, coupling, and interface dependencies.

Although these streams of research provide substantial knowledge about individual relationships, they have largely been
examined within disciplinary or conceptual boundaries. The interdependencies connecting engineering architecture with
design language, brand-related differentiation, product meaning, and product-form variety remain insufficiently
represented as a unified system. This limits the ability to examine how interactions across these domains may contribute
to the observed evolution of product-form diversity.

To address this gap, this study proposes a literature-based Multi-Domain Matrix (MDM) grounded in Design Structure
Matrix (DSM) methodology. The framework integrates engineering and design-related constructs and maps literature-
supported dependencies between them. Rather than assuming a single causal mechanism, the study conceptualizes
product-form variety and radical product-form innovation as emergent outcomes of interacting architectural, strategic, and
design decisions.

2 Conceptual Framework

The proposed framework conceptualizes product-form variety as a shared outcome of interdependent engineering and
design decisions, rather than as the result of a single technological or market factor. The engineering domain captures
structural decisions through standardization, architecture, modularity, and interface structure/coupling. The design domain
captures meaning and expression through brand identity, strategic design language, radical innovation of product meaning,
and product language innovation/heterogeneity. These domains are treated as interconnected systems whose dependencies
may collectively shape the evolution of product-form variety across product generations.
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Within the engineering domain, standardization, product architecture, modularity, and interface relationships are treated
as interdependent elements. Standardization can influence how product architectures, components, modules, and interfaces
are organized, while modular architectures can facilitate the generation of multiple configurations and product variants.
Interface structures and coupling relationships can further constrain or enable the range of configurations that an
architecture can accommodate. Engineering decisions may therefore simultaneously constrain and enable product variety,
depending on how architectural dependencies are structured.

Within the design domain, brand identity provides a strategic basis for establishing recognizable product characteristics,
which can be translated into a strategic design language. In parallel, radical innovation of product meaning can stimulate
changes in product language and formal expression. Product language innovation and heterogeneity therefore provide a
mechanism through which strategic identity, meaning, and differentiation can become reflected in product-form.

The two domains are not assumed to operate independently. Cross-domain dependencies may arise where architectural
and engineering decisions influence the possibilities for formal and expressive differentiation, while desired design
differentiation and product-form variety may influence architectural choices. The framework therefore uses the Multi-
Domain Matrix (MDM) as an extension of DSM logic to represent intra-domain and cross-domain dependencies within a
unified structure. The preliminary matrix presented in the following section operationalizes selected literature-supported
relationships and provides a proof of concept for examining how these interconnected dependencies may shape the
evolution of product-form variety.

Integrated Conceptual Framework
Systemic Interdependencies Shaping the Evolution of Product Form Variety
in the Smartphone Industry
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Figure 1. Integrated Conceptual Framework

3 Preliminary MDM-Based Analysis

To provide a preliminary proof of concept, the conceptual framework was translated into a literature-based Multi-Domain
Matrix (MDM). The MDM integrates the engineering and design domains within a single dependency structure, allowing
both intra-domain and cross-domain relationships to be represented. The engineering domain includes standardization,
product architecture, modularity, and interface structure/coupling, while the design domain includes brand identity,
strategic design language, radical innovation of product meaning, and product language innovation/heterogeneity.
Product-form variety is treated as the shared outcome through which the two domains converge.
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The matrix was constructed by translating relationships identified in the reviewed literature into directional dependencies.
A value of 1 indicates that a dependency between two constructs is supported by the reviewed literature, whereas 0
indicates that sufficient evidence for the relationship was not established within the scope of this preliminary analysis. The
matrix therefore represents a literature-derived dependency structure rather than a causal model.

Preliminary Literature-Based Multi-Domain Matrix (MDM)
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Figure 2. Preliminary Literature-Based Multi-Domain Matrix showing evidence-supported dependencies across engineering and
design constructs.

The integrated representation makes it possible to examine three types of relationships simultaneously: dependencies
within the engineering domain, dependencies within the design domain, and dependencies connecting engineering and
design constructs. The latter are particularly relevant for examining how structural decisions concerning architecture,
modularity, standardization, and interfaces may interact with design decisions concerning meaning, design language, and
formal differentiation.

The preliminary MDM also provides a basis for examining the potential tension between architectural simplification and
design differentiation identified in the review process. Rather than treating this tension as inherently positive or negative,
the matrix makes the underlying dependencies explicit and allows their implications for product-form variety to be
examined systematically. At this stage, the matrix is intended as a proof of concept; further empirical validation and
application to additional product categories are required to test the robustness of the identified dependency structure.

4 Expected Contributions

This study contributes a literature-based systemic perspective to the analysis of product-form variety by integrating
engineering and design-related dependencies within a unified DSM-based framework. First, it connects engineering
constructs, including standardization, product architecture, modularity, and interface structure, with design constructs
related to brand identity, strategic design language, product meaning, and product language. Second, the proposed MDM
provides a preliminary method for making both intra-domain and cross-domain interdependencies explicit, offering a
structured basis for examining how these interactions may shape product-form variety. Third, the framework provides a
basis for future empirical validation and DSM-based modelling of radical product-form innovation across design-intensive
industries. Future research can further test the identified dependencies through empirical data and extend the framework
to additional product categories to examine the robustness of the proposed structure.
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5 Conclusion

This study proposed a literature-based Multi-Domain Matrix (MDM) to examine the systemic interdependencies
underlying the evolution of product-form variety and radical product-form innovation in the smartphone industry. By
integrating engineering constructs related to standardization, product architecture, modularity, and interface structure with
design constructs related to brand identity, strategic design language, product meaning, and product language innovation,
the framework provides a unified representation of relationships that are commonly examined separately.

The preliminary MDM demonstrates the feasibility of translating literature-derived relationships into a structured multi-
domain representation. Rather than treating product-form evolution as the consequence of a single factor, the framework
highlights how architectural and design decisions may interact through multiple dependencies. The shared position of
product-form variety provides a basis for examining how engineering constraints and possibilities interact with processes
of design differentiation and formal expression.

The present study is intentionally limited to a preliminary, literature-based analysis. The identified dependencies should
therefore not be interpreted as empirically validated causal relationships. Future research should validate the proposed
structure through empirical product data, refine the direction and strength of dependencies, and apply the MDM to
additional product categories. Such extensions can help determine whether the identified interdependencies are specific to
smartphones or represent broader patterns of radical product-form innovation across design-intensive industries.
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