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Introduction

In today's developed information society, we move beyond the traditional distinctions of online
and offline, existing in an "Onlife" space that seamlessly merges analog and digital experiences.
Indeed, the digital revolution has already occurred (Floridi, 2018). The widespread presence of
digital phenomena in our design practices has become so routine and pervasive that we now refer
to this entire range of phenomena as Digital Design (Oxman, 2006c).

Digital design can be broadly defined as the structured connection between information and
representation methods that aid the design process in computational environments (Sass &
Oxman, 2006). It involves generative processes connected to movement, and time is dynamic and
not limited to rigid forms (Oxman, 2006a, 2006b). The key drivers of digital design are the
processes of shaping, creating, and performance (Oxman, 2008). Indeed, Digital design introduces
a new understanding of design beyond visually interpreting forms (Oxman, 2006a). In digital
design, traditional concepts of paper-based representation are no longer effective for explaining
the thinking and methods involved in the design process (Oxman, 2006b, 2006d, 2010). Many
forms of creation now use emerging transformational processes, with digital media as the
supportive environment (Oxman, 2006a). For instance, a design platform that enables the entire
digital design process without the use of paper (Sass & Oxman, 2006). It also fosters intricate
relationships between designers, users, digital tool developers, and design media. It is influenced
by the design culture, including the introduction of new design methods. Since its inception, digital
design has been growing and is supported by advancing technologies (Oxman, 2006d). The
advancement of digital technologies facilitates new methods of design collaboration and enhances
the interconnectedness between technology and design (Oxman, 2012). The development of
digital design is a distinct area of design knowledge driven by new technologies, yielding a unique
understanding of design (Oxman, 2010). Leading cloud service providers like Amazon Web
Services, SalesForce, Rackspace, Joyent, Citrix, and VMware (Bharadwaj et al., 2013) have
significantly contributed to this growth by providing platforms that enhance collaboration and
accessibility in the design process.

Digital technology is now a powerful influence on design culture, reshaping how we represent,
communicate, and create designs. It integrates media at every stage of the design process, from
conceptualization to production, and has become widespread across all design fields. As it evolves
rapidly, it's driving a fundamental shift in how design is understood and practiced. Additionally,
digital design is becoming increasingly intertwined with virtual concepts as virtual environments
continue to grow more immersive, knowledge-driven, and intelligent (Oxman, 2006c).

The number of prominent international projects designed using digital methods has grown
significantly (Sass & Oxman, 2006). Digital technologies have had a considerable impact on design
(Oxman, 2006a). They aid in the design process; for instance, computer modeling not only enables
the creation of complex shapes but also serves as a bridge between design and construction,
resulting in better quality in a shorter timeframe or the creation of rapid prototypes (Sass & Oxman,
2006). Digital interaction primarily relies on computer hardware, including a mouse, keyboard, and
screen (Ma et al., 2003). The effective application of digital technology in design enhances artistic
impact, overcoming the limitations of traditional models and improving efficiency for a better visual
experience for the audience (Xiao, 2018). However, incorporating digital design and rapid
prototyping tools into design education presents both benefits and challenges, such as the difficulty
of teaching their use (Gu et al., 2010). Additionally, the abundance of diverse publications poses
its challenges (Oxman, 2006a). Digital design is developing as a distinct field, influenced by its
theories and discussions. This growth is leading to the emergence of new ideas, methods, and
forms of expression (Oxman, 2006d).

Aligned with the study's objective to enhance our understanding of Digital design, we conducted
research via Scopus, using the keyword search for "Digital design", and found 3,965 articles. Using
VOSviewer, we analyzed data from bibliographic databases, including citations of authors, which
helped us identify the leading authors in the field of Digital design. By considering the main authors
and the total link strength, we identified the primary authors to proceed with this research as the
main root of this study (see Figure 1 and Table 1).
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Figure 1. Visualization of key authors using VOSviewer.

Table 1. Top 10 Main authors (Documents, Citations, and Total link strength)

No Author Documents Citations Total link strength
1 Oxman, R. 15 642 132
2 Abouzeid, F. 6 89 32
3  Autran, J. 4 50 32
4  Roche, P. 6 89 32
5 Badaroglu, M. 4 105 26
6 Donnay, S. 4 105 26
7 Ly, Y. 2 111 26
8  Butterfield, j. 3 70 24
9 Curran,r. 3 70 24
1 Daveau, J. 3 42 23

Note: 3,965 Scopus articles were analyzed, using VOSviewer to determine the central total link strength
to identify key authors. In total, 10,063 authors were included, and the citation link strength between these
authors was calculated.

To achieve our study objective, we encountered a limitation due to insufficient data from the top
five authors, as much of their work focuses on technical aspects. This prompted us to explore
beyond their publications. Consequently, we examined references cited in Oxman’s papers (9 out
of 11) that have a DOI (see Figure 2), as he was the primary author (with a total link strength of
132, as identified by VOSviewer), the only one whose work aligned closely with our objective. To
further address the limitation, we also incorporated keyword definitions provided by the main
authors.
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Figure 2. Visualization of Oxman's references used in this study via ResearchRabbitApp.com.

Overall, we found that there are numerous types of Digital design, including physical, virtual,
and combinations of both, as well as designs that are built, not yet built, or impossible to build (Liu
& Lim, 2006).



Related Keywords

Through our study of digital design, we identified 17 keywords relevant to this field (see Table
2). By applying the same method used in the digital design study, we identified the main authors
and clarified the definitions of each keyword.

Table 2. Related Keywords (Total Articles on Scopus, And Main Authors)

No Related keywords Articles Top authors

1 Digital artifacts 478 Keahey, K.; Anderson, J.; Kuhn, T.; Barnes, A
2  Digital citizenship 570 Choi, M.; Cristol, D.; Martin, F.; Glassman, M.
3 Digital culture 1172 Shifman, L.; Nissenbaum, A.; Alrasheedi, N.S.
4  Digital ecosystem 1277 Takizawa, M.; Enokido, T.; Aikebaier, A.

5 Digital ethics 2160 Floridi, L.; Cowls, J.; Chatila, R.; Luetge, C.

6 Digital infrastructures 1219 Sarensen, C.; Henfridsson, O.; Bygstad, B.

7 Digital innovation 1879 Lyytinen, K.; Yoo, Y.; Majchrzak, A.

8 Digital media 5910 Boulianne, S.; Bennett, W.L.; Reyna, J.

9 Digital objects 1232 Kallinikos, J.; Aaltonen, A.; Marton, A.

10 Digital platform 5143 Sgrensen, C.; De Reuver, M.; Krcmar, H.

11 Digital services 2165 Chatterjee, S.; Rossi, M.; Williams, K.

12 Digital skills 1541 Van Deursen, A.J.A.M.; De Haan, J.

13 Digital sustainability 68 Abu-Tayeh, G.; Myrach, T.; Stuermer, M.

14 Digital system 5367 Kang, H. G.; Ivannikov, A.

15 Digital technology 25353 Vial, G.; Bharadwaj, A.; El Sawy, O.A.

16 Digital tools 2769 Colombo, G.; Terkaj, W.; Urgo, M.; Fleury, S.

17 Digitalization 16966 Parida, V.; Kaariainen, J.; Tihinen, M.

Note: The top author is determined based on the total link strength found by VOSviewer

Keywords and definitions

Digital artifacts

Digital artifacts are created through digital technologies and result from coordinated human
actions, lacking the stability and permanence of traditional objects (Eck et al., 2015; Kallinikos et
al., 2013). A key feature of digital artifacts is that they are not standalone objects; instead, they are
interconnected and often rely on broader digital ecosystems to function. These artifacts are flexible,
editable, and can be modified continuously, distinguishing them from physical items (Kallinikos et
al., 2013). However, they are vulnerable to loss due to data corruption or system malfunctions.
Digital artifacts are shaped by technical elements and the social networks of individuals and
institutions involved in their creation and use (Stuermer et al., 2017). Digital artifacts can be thought
of as entities composed of binary code, which technical devices such as computers interpret to
generate meaning. Examples of digital artifacts include files, images, and films or videos, which
are fluid and editable, often integrated within complex, distributed, and dynamic digital
environments (Kallinikos, 2009). To produce effective digital artifacts, it is crucial to have digital
literacy skills (Reyna et al., 2018b).

Digital citizenship

Digital citizenship refers to the responsible and ethical use of digital technologies, encompassing
knowledge and skills for appropriate online behavior (Choi et al., 2018; International Society for
Technology in Education (ISTE), 2007; Martin et al., 2019, 2020; Mike S. et al., n.d.; Richardson
et al.,, 2021). It involves four categories: Digital Ethics, Media and Information Literacy,
Participation/Engagement, and Critical Resistance. It extends to creating and transforming
communities, both online and offline, in the face of social injustice (Choi, 2016; Choi et al., 2017).
Similar terms include online citizenship, cyber citizenship, technological citizenship, Internet
citizenship, and networked citizenship (Choi, 2016).



Digital culture

Digital culture refers to the collection of values and practices that shape interactions among
individuals, emphasizing adaptability during transformational processes. Core values such as
transparency, support, stability, creativity, and collaboration play a critical role in this context
(Alrasheedi et al., 2022). Notably, it is often said that: “Culture manifests in the absence of a leader”
(Westerman et al., 2019, p. 60), indicating that unconscious behaviors exhibited by users can
significantly impact cultural dynamics without direct leadership influence (Nissenbaum & Shifman,
2017, 2018; Shifman, 2013).

Digital ecosystem

A digital ecosystem refers to a network of interconnected digital systems, platforms, devices,
and users that work together, exchange information, and support each other’s functioning, creating
a dynamic and collaborative environment (Boley & Chang, 2007; Briscoe, 2010; Briscoe et al.,
2011; Briscoe & De Wilde, 2006; Eck et al., 2015; Marinos & Briscoe, 2009; Stuermer et al., 2017).
It is information-centric, with user satisfaction as the ultimate performance measure reflecting a
diverse range of evolving needs (Briscoe, 2010; Briscoe et al., 2011; Briscoe & De Wilde, 2006).
Additionally, this ecosystem depends on interactions with others to enhance functionality, although
challenges regarding environmental sustainability remain (Briscoe, 2010; Briscoe et al., 2011;
Duolikun et al., 2013; Enokido et al., 2011; Enokido & Takizawa, 2012; Inoue et al., 2011; Marinos
& Briscoe, 2009). In a broader context, it involves not only the technical components but also the
social factors that influence its development and sustainability (Stuermer et al., 2017).

Digital ethics

Digital ethics, also known as computer, information, or data ethics, refers to the moral principles
and frameworks that guide the responsible use of digital technologies, data, and algorithms,
addressing issues such as data generation, processing, and usage (Floridi & Taddeo, 2016). It
encompasses challenges like privacy, re-identification, group discrimination, and transparency,
promoting trust and accountability in a data-driven world (Floridi & Taddeo, 2016; Milano et al.,
2020). Digital ethics plays a crucial role in shaping regulations and governance, ensuring that
technological developments align with socially acceptable and morally preferable standards
(Floridi, 2018). In all areas of applied ethics, bioethics most closely resembles digital ethics, as
both deal with new forms of agents, patients, and environments, drawing upon traditional principles
such as beneficence, non-maleficence, autonomy, and justice (Floridi, 2013; Floridi et al., 2018).

Digital infrastructures

Research on the development of digital infrastructures is varied and fragmented (Koutsikouri et
al., 2018). Digital infrastructures are interconnected system collectives that support modern service
networks, such as social media and mobile phones, which require a global scale (Bygstad, 2017;
Eaton et al., 2015), They encompass essential information technologies, organizational structures,
and related services and facilities necessary for the functioning of enterprises and industries (Tilson
et al., 2010, 2012). Digital infrastructure includes the computing and networking resources that
enable various stakeholders to manage their service and content needs (Constantinides et al.,
2018). These infrastructures are dynamic and continuously evolving to meet changing
requirements, lacking distinct functions or fixed boundaries (Tilson et al., 2010). Comprising
technology, users, and developers (Hanseth & Lyytinen, 2010), they function as socio-technical
systems that facilitate information flow across various sectors, including health, transportation, and
payments (Koutsikouri et al., 2018). Digital infrastructure theory emphasizes the installed
technological base and its socio-technical network, focusing on standards and scalability (Bygstad
& Qvrelid, 2020). These infrastructures evolve organically through innovation and scaling rather
than traditional design (Bygstad, 2017).



Digital innovation

Digital innovation involves utilizing digital technologies to develop new products, services, and
platforms, thereby enhancing customer experiences (Nambisan et al., 2017; Yoo et al., 2010). It
integrates digital materiality into physical objects, transforming products and services (Yoo, 2013;
Yoo et al., 2010). This process combines digital components in modular architectures to generate
value (Huang et al., 2017) and follows phases such as ideation and virtualization (Lyytinen, 2022).

Digital media

Digital media relates to technologies that link to the Internet (Boulianne & Theocharis, 2020). It
refers to content that is created, stored, and transmitted in digital format, including a wide range of
formats and platforms, such as Websites, Social media platforms, Streaming services, and Digital
advertisements. Digital media aims to effectively communicate information and engage with
audiences across various platforms, fostering interaction, participation, and the sharing of
experiences (Bennett & Segerberg, 2011) with all potentials and challenges it makes (Boulianne,
2020; Boulianne & Theocharis, 2020; Chang et al., 2015; Green et al., 2017). It enables the
gathering and dissemination of information while also fostering and maintaining networks that
support collective efforts to address social issues (Boulianne, 2020). The audiovisual domain
pertains to the principles of Digital media (audio principles, layout design, color theory, typography,
image/graphic, and video techniques) that guide the creation of compelling and trustworthy content
(Reyna et al., 2018b).

Digital objects

Digital objects are networked entities dispersed across multiple platforms, lacking the
completeness and stability of traditional objects (Kallinikos & Mariategui, 2011). They are transient
collections of data, activated through computer processes, and differ from physical artifacts due to
their inherent potential for modification, such as a digital image that can be altered using graphic
processing software (Marton, 2011; Sorapure, 2004). Digital objects, such as pixels, images, text,
sounds, frames, and code, create new media objects (Sorapure, 2004). They function within a
digital ecosystem, where their interactions are governed by the specific logic and rules of that
environment. Consequently, other digital objects can only access, assemble, and manipulate them
(Kallinikos et al., 2013).

Digital platform

A digital platform is a flexible, software-driven framework with an extensible codebase that
supports third-party modules and enhances interactions between users and developers (De
Reuver et al., 2018). It enables a wide range of services across various sectors, including social
media, mobile operating systems, and peer-to-peer networks (Hein et al., 2020). Digital platforms
transcend traditional business boundaries and foster innovation (Bharadwaj et al., 2013; Cenamor
et al., 2019; Tilson et al., 2013). Examples include office software platforms like MS Office and
Officestar, operating system platforms such as Windows and Unix, as well as application
frameworks like ERP and CRM systems (e.g., SAP, Oracle, and SalesForce) and application
development platforms like Service-Oriented Architecture (Hanseth & Lyytinen, 2010). Other well-
known examples also include Airbnb, Uber, and Facebook (De Reuver et al., 2018). The platform
should maintain an appealing simplicity, enabling designers to apply the significant skills they have
developed through their experience with traditional media (Ma et al., 2003).

Digital services

Digital services refer to services acquired or organized through digital transactions involving
information, software modules, or consumer goods over Internet Protocol (IP), a strict definition of
digital service is "an activity or benefit that one party can give to another, provided through a digital
transaction.” (K. Williams et al., 2008). These services, embedded in or enabled by information and
communication technologies (Lyytinen et al., 2016), utilize digital competencies through actions
and processes that benefit other entities (Beverungen et al., 2017). While digital services may
begin in the digital realm, interactions are not limited to it. Service providers aim to design these



offerings to achieve business, technological, and interaction success (K. Williams et al., 2008).
Additionally, Digital services can derive from data related to physical products (Koldewey et al.,
2019) and encompass both digitally deliverable goods and services, such as software sales and
online education (L. D. Williams, 2021). Smart services, a specialized type, generate added value
from product data (Frank et al., 2018).

Digital skills

Digital skills refer to the abilities required to effectively use the hardware and software of
computers in the digital age (Helsper & Eynon, 2013; Reyna et al., 2018a; J. A. G. M. Van Dijk,
2012). Digital skills are viewed as essential for engaging in activities that enhance capital, achieving
positive results from Internet use, and addressing issues of access and information inequality (J.
A. G. M.; Van Dijk & van Deursen, 2014). Moreover, technology plays a crucial role in determining
which skills are valued. In the 21st century, digital skills involve mastering information and
communication technology (ICT) tools to tackle cognitive tasks in the workplace, promoting higher-
order thinking, continuous learning, and cognitive development. These skills include information
management, communication, collaboration, critical thinking, creativity, and problem-solving
abilities (Van Laar et al., 2017, 2018). Aligned with digital skills, 'digital literacy,' as introduced by
(Gilster, 1998), refers to the ability to understand and use information from various digital sources
(Van Laar et al., 2017).

Digital sustainability

Following the foundational concepts of sustainability outlined in the Brundtland Report (World
Commission on Environment and Development, 1987, p. 37) Digital sustainability is the
development and management of digital resources and artifacts aimed at enhancing
environmental, social, and economic welfare while minimizing their negative impacts (Kotlarsky et
al., 2023). It emphasizes the importance of adapting digital artifacts to meet the needs of current
and future users, thereby improving their potential contribution to sustainable development
(Stuermer et al., 2017). This approach relies on a balanced relationship between the ecosystem,
digital literacy, and the responsible use of resources (Hilty & Aebischer, 2015; Stuermer et al.,
2017). Furthermore, Digital sustainability encompasses various technological ecosystems,
including mobile payment platforms, artificial intelligence, and blockchain, creating new
opportunities for sustainable development (Konys, 2020).

Digital system

A digital system is composed of hardware and software layers that process information using
binary values, aided by an analog-to-digital converter (lvannikov, Kulagin, et al., 2016; Ivannikov,
Romanov, et al., 2016; H. G. Kang et al., 2009; H.-G. Kang et al., 2009). This integration offers
flexibility but also increases complexity and susceptibility to failures (H. G. Kang et al., 2009; H. G.
Kang & Sung, 2002; H.-G. Kang et al., 2009).

Digital technology

Digital technology refers to the integration of systems, including information, computing,
communication, and connectivity, through advancements in digital tools such as social media,
mobile devices, analytics, and embedded devices (Vial, 2019). These technologies enable the
transformation of business infrastructures, strategies, and relationships (Bharadwaj et al., 2013). It
presents numerous opportunities but also comes with challenges and potential risks (Floridi, 2018).

Digital tools

Digital tools are software applications that enable the manipulation, analysis, and visualization
of data to support various processes (Mahmood et al., 2021). For instance, Digital tools for media
creation (Reyna et al., 2018b), provide access to and allow for the modification of internal data
structures through file exchanges or application programming interfaces (Berardinucci et al., 2022).
Additionally, they assist designers in their creative endeavors (Houzangbe et al., 2023).



Digitalization

Transforming analog information into digital format is known as digitalization (Mark et al., 2004).
However, there is no consensus regarding the definition of digitalization. Parida defined
digitalization as the use of digital technologies to innovate business models, generate new revenue
streams, and create value-producing opportunities within industrial ecosystems, Digitalization is
much more than applying technologies; it involves intelligence, connectivity, and analytics
capabilities (Parida et al., 2019; Parida & Wincent, 2019). With all capabilities (Cenamor et al.,
2017, 2019; Kohtamaki et al., 2019, 2020; Parida et al., 2019; Parviainen et al., 2022; Sjédin et al.,
2018) and challenges (Briscoe, 2010; Duolikun et al., 2013; Enokido et al., 2011; Enokido &
Takizawa, 2012; Inoue et al., 2011; Kohtamé&ki et al., 2019; Marinos & Briscoe, 2009; Parida et al.,
2019; Parviainen et al., 2022; Sjodin et al., 2018, 2018). However, neglecting digitalization can
have a significant impact on companies (Parida & Wincent, 2019). Digitization is promoted as a
means to speed up the shift toward sustainability (George & Schillebeeckx, 2022).

Keywords categorization

A categorization and definition-based analysis approach was employed to effectively organize
the digital concepts (see Figure 3). This method involved several key steps:

Identification of key terms: Relevant digital concepts were identified from the study, focusing
on their definitions and significance within the digital design landscape.

Definition-based grouping: Each term was analyzed based on its definition, enabling the
identification of key aspects, including scope, usage, and interrelationships. This approach
facilitated an understanding of how each concept interacts within the digital realm.

Creation of categories: The identified terms were grouped into four distinct categories:
Dimensions, Elements, Knowledge, and Technological. This categorization highlights the thematic
connections between terms, enhancing comprehension of their roles in shaping digital
experiences.

Design - Digital Ecosystem p- Digitalization

1
1 1 1 1
Dimensions Elements Knowledge  Technological
Digital Citizenship Digital Artifacts Digital Skills  Digital Infrastructures
Digital Culture Digital Media Digital System
Digital Ethics Digital Objects Digital Technology
Digital Sustainability = Digital Platform Digital Tools

Digital Innovation
Digital Services

Figure 3. Categorization and definition-based analysis from our study findings.

The grouped terms are contextualized within the broader digital landscape, offering a cohesive
understanding of how these concepts collectively shape our interaction with technology. This
approach provides clearer insights into the interconnectedness of various digital ideas, fostering
more informed discussions about the evolving digital environment.

Conclusion

Through an extensive literature review on Scopus and the application of data mapping
techniques with VOSviewer, we identified Digital design as the process of creating digital visual
content using digital tools and technologies, supported by digital infrastructure and systems that
enable the creation, storage, and distribution of this content. Furthermore, we identified 17 related
keywords aligned in this study, providing definitions for each by referencing the main authors
associated with them. By adopting a systematic approach that incorporates categorization and
definition-based analysis, we have organized key digital concepts into four primary categories:



Dimensions, Elements, Knowledge, and Technological. This classification highlights the
interrelationships among these terms, enhancing our understanding of their roles in shaping digital
experiences. By contextualizing these concepts within the broader scope of digital engagement,
we offer a cohesive perspective on how they collectively influence interactions with digital
technology. The insights gained from this research enrich academic discourse on digital design
and serve as valuable resources for both practitioners and scholars.
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