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Abstract. Existing frameworkswhich serve as reference for the design of creative
space in educational institutions and organizations, have shown some limitations.
On one hand, current spatial design theories concerned with hybrid spaces and
digital technologies are limited; on the other hand, the analysis of digital tech-
nologies’ influence on spaces conducted in Information System and Computer
Science research fields rarely uses a spatial theory as a foundation [1]. The aim of
this ongoing research is to develop an analytical framework that integrates creative
space types and a blended space model in support of the design of future hybrid
creative environments (FHCS framework).

The current findings have shown thatmany different social-spatial design solu-
tions exist in both physical and digital spaces, and which are systematically orga-
nized as a pattern language. Identified pattern candidates are from specific appli-
cation domains (e.g., spatial design, HCI Design, E-learning, and game design),
and they capture and represent design knowledge of experts. Therefore, the pattern
language from Christopher Alexander et al. [2] seems an appropriate approach to
bring together design guidance and tools fromdifferent disciplines, in a vocabulary
that can be shared across disciplines. Through a pattern mining process, various
pattern frameworks and many pattern candidates that are related to the design of
hybrid creative learning spaces have emerged from the analysis. As a result, 323
patterns are derived from four disciplines, and 13 generic pattern clusters have
evolved in relation to the hybrid design themes.
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1 Introduction: Learning in Hybrid Creative Spaces

Conventionally, space for creative learning activities in educational contexts is often
defined as a built formal physical environment; and these environments can also be
informal spatial clusters that encourage exchange and social networking based on face-
to-face interactions [3]. Users perceive and evaluate learning spaces through their archi-
tectural properties and physical settings (e.g., spatial layout and furnishing, lighting,
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colours, smells, sounds and technology, status, and image) [4]. Nevertheless, in recent
years we have seen a significant shift to a more hybrid form for learning since the begin-
ning of Covid-19 pandemic in 2020, and many higher educational institutions and are
likely to embrace “hybridity” beyond the pandemic. At the same time, “extended reality”
has an emerging presence in our everyday life, and with the future of the internet and
metaverse, the combination of augmented, virtual, and mixed realities will become an
essential medium for social, business, learning and working engagements. Nowadays,
the term hybrid space (or blended space) is widely used as an interplay of physical and
digital spaces. An urgent call is raised for designers to rethink the current design practice
to accommodate the future challenges when designing creative spaces in transition to
hybrid form of learning.

2 Background

The expression “Creative space” integrates two concepts, “creative” and “space”. The
term “creative” is associated with activities related to design and innovation process.
“Space” conventionally refers to a built environment in various scales, from an urban
context, architectural space, interior layout, to small single elements such as a furniture.
The existing models/frameworks that serve as reference for the design of hybrid creative
spaces in educational institutions have shown some limitations. For example, most of
the studies in the design field of creative spaces are limited to the built environment
and have not given enough attention to contemporary issues such as hybrid learning and
emerging technologies [5–12]. Although some frameworks developed design principles
for creative spaces, they failed to acknowledge the importance of the connections of
design components in a form of network [10–12]. Therefore, it is difficult for designers
and users to understand upcoming design issues and set the priorities in the design
process.

On one hand, current spatial design theories concerned with hybrid spaces and dig-
ital technologies are limited; and on the other hand, the studies of digital technologies’
influence on educational spaces conducted in “Information System and Computer Sci-
ence” [13–15] and “Education” research fields [16–20] rarely use a spatial theory as a
foundation.

3 Theoretical Framework

3.1 Spatial Design Theory

In a built environment, Thoring et al. [21] identify five space types associated with cre-
ative processes from the literature and empirical studies. They are personal space, collab-
orative space, making space, presentation space, and intermission space. For designers
to develop hybrid spaces, in Fig. 1 the authors present key issues that are suggested
in digital spaces as well as physical ones. Moreover, to adopt existing spatial design
knowledge and theories in the context of hybrid spaces, architects and interior designers
need a new model to bridge the physical and digital environments, as well as new useful
design tools derived from other disciplines.
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Fig. 1. Key design issues suggested for both physical and digital spaces.

3.2 Blending Theory

Following Lefebvre’s theory, we understand “space” as a combination of different
“fields” – for example, physical space, mental space, cultural space and social space
[22]. Cicognani further adds that “cyberspace” can be considered as the ‘fourth parti-
tion’ of the space that co-exists with the other “fields” [23]. When mixing physical space
and digital space, or mixed reality, it comes to many forms and combinations as stated
byMilgram and Kishino when introducing Virtuality Continuum [24]. From an architec-
tural perspective, facilitated with emerging technologies, a hybrid creative space brings
together at least two distinct modes to create a new spatial typology, with a physical
space flowing within a digital space and vice versa seamlessly.

Built on Conceptual Blending Theory [25], Benyon proposes a Blended Spaces
framework to bring digital and physical spaces together [26]. This framework consists
of four distinct domains, physical space, digital space, generic space and blended space.
For designers to create a good blending, characteristics that shared by both physical and
digital spaces should be constituted with four attributes, ontology (e.g. room layout and
furniture), topology (e.g. spatial relations between objects), volatility (e.g. movement
through the space), and agency (e.g. people).

In addition, Benyon andMival identified five hybrid design themes through an empir-
ical study, and they are Territoriality, Awareness, Control, Interaction and Transitions
(TACIT) [27]. The blended spaces framework and TACIT framework intend to encour-
age designers to consider essential aspects of the physical and the digital spaces, and
produce new blended spaces of emergent properties. As explained in Table 1, both terri-
toriality and transitions have emphasis on the infrastructure of the spaces. Territoriality
concerns the spatial relations between people and spaces, for examples the layout of a
classroom, a whiteboard, or a door; and Transitions emphasizes on the integration of
different spaces, including navigation, easy access and touch points. On the other hand,
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Fig. 2. Blended space framework by Benyon [26].

awareness, control and interactions deal with the contents of the spaces (people and
activities). Awareness associates with the mindsets in both collaborative and individual
activities, for example, the former requires shared attention, and the latter requires a
divided one. Control refers to social control of group activities and technological con-
trol of software application. Interaction is concerned with the user interfaces, usability,
accessibility and the articulation of the tasks during the interaction between people. In
TACIT framework, each theme is elaborated as a separate theme; however, the relations
among the five hybrid design themes are not fully addressed.

3.3 An Analytical Framework for Future Hybrid Creative Spaces: FHCS
Framework

New concepts such as “hybrid campus” and “metaversity1” start to gain attention in
recent years. According to Raes et al. [19], hybrid spaces have been explored and con-
ceptualized in the literature, as well as experimented at a small scale, but it is still at
its infancy and has yet to reach its potential as an effective medium facilitating learning
process in higher educational institutions.

In this context, the authors develop an analytical framework for designing future
hybrid creative spaces (FHCS framework) based on Benyon’s Blended Space model.
Figure 3 illustrates how FHCS framework can be applied to facilitate the design of
creative spaces for learning. For the physical space, the authors focus on five types of
creative spacesmentioned inFig. 1. Thedigital space consists ofmore diverse forms, such
as applications, data, actions and events. In the generic space, where characteristics are
shared by both physical and digital spaces, four attributes (ontology, topology, volatility,
and agency) [26] should be considered. In the hybrid/blended space, TACIT themes
seem to be a relevant starting point for the development of a new spatial typology of
future hybrid creative learning spaces. The FHCS framework also indicates that design
tools from both physical and digital domains can be combined to support the design of
hybrid creative learning spaces.

1 Ametaversity is a higher education university recreated as a digital twin utilizing virtual reality
in the metaverse. https://www.victoryxr.com/metaversity.

https://www.victoryxr.com/metaversity
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Table 1. Five hybrid/blending themes (TACIT) explained by Benyon and Mival.

Hybrid/blending themes
(TACIT)

Explanation Example

Territoriality Concerns spaces and the
relationships between people
and spaces

The layout of a classroom, a
whiteboard, or a door

Awareness Those practices through which
actors tacitly and seamlessly
align and integrate their
distributed and yet
interdependent activities

Given real time information of
the status of the participant, or
the progress of the task

Control Control of the software systems
and social control of the
collaborative activity

The person who is in the
control of the group activity
might be closer to control
panel of a touch screen

Interaction Concerned with the user
interfaces, with usability,
accessibility and the articulation
of tasks between collaborating
individuals and groups

People shift from a group
discussion to share a graph
from their device

Transitions Blended spaces are rarely
completely integrated. Instead
there are touch points where the
digital and physical are brought
together and where people
transition from the digital to the
physical or vice versa

A display screen shares the
content from a wearable
camera

To develop hybrid learning environments, it is not necessarily to create more space,
but new qualities of space to accommodate the limited amount of space resource [28].
Subsequently, new typologies of teaching and learning spaces are to be investigated. In
line with Benyon [26], through the FHCS framework, the authors propose a new spatial
typology that is formulated by two sets of parameters, creative space types and hybrid
design themes (see Fig. 4).
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Fig. 3. FHCS framework adopted from Benyon &Mival’s Blended space model [27]. It indicates
the hybrid creative learning space can be designed with a new collection of design tools derived
from both physical and digital spaces (Drawn by authors).

Fig. 4. FHCS Typology is formulated by two sets parameters, creative space types and hybrid
design themes (Drawn by authors).

4 Research Approaches and Methods

The aim of the present research is to develop an analytical framework that integrates
creative space types and blended space models (FHCS framework), in support of the
design of future hybrid creative learning environments. The review of the literature
has shown that many different social-spatial design solutions exist for both physical
and digital spaces, and they have been systematically organized in a form of pattern
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language. Identified pattern candidates are from various specific application domains,
and they capture and represent design knowledge of experts. Therefore, the pattern
language from Christopher Alexander et al. [2] seems an appropriate approach to bring
together design guidance and tools from different disciplines, in a form that can be
understood and shared across disciplines. Moreover, it can offer a connected network of
design patterns that continues to grow and evolve through the knowledge and experience
input from experts.

4.1 Design Pattern Research

The term design pattern refers to practical knowledge crafted by experts and transferred
into different contexts and shared with others. Originally, the idea of formulating a
language of patterns to describe open-ended solutions to specific problems comes from
‘A Pattern Language’ by Christopher Alexander [2] within a field of architecture and
urban planning. This work provides many insights and applications beyond the initial
field. The core of a design pattern can be seen as a local functional statement: “for
problem P, under circumstances C, solution S has been known to work” [13]. Its method
can also be applied to many types of complex system at different scales, where patterns
and pattern languages serve as the building blocks and frameworks for the understanding
and the design of systems [29].

Ten years after publication, Alexander’s idea of pattern languages was adopted in
the field of Software design and HumanMachine Interaction design. Today Alexander’s
seminal work has greatly influenced many disciplines and domains, for example, game
design, service design, collaboration, education, creative space, innovation, etc. Pattern
language is recognized both a research tool and a practical tool to write out the explicit
knowledge that lies in an area of a profession, and subsequently transferred into different
contexts and shared with others.

Successful applications of pattern language can be found in the design of educational
environments. For example, the project of Campus Eishin Gakuen in Japan is consid-
ered the most complete development of the pattern language by Alexander [30] and its
generative process evolved with all stakeholders in the school. Thoring et al. [31] devel-
oped a design toolkit using pattern language approach to facilitate the design of creative
spaces. It led to a result of “Idea Lab” which was co-created with all stakeholders by
applying this toolkit. Kohl et al. [32] discuss good practices to create hybrid learning on
campus by designing and connecting existing spaces at the computer science campus of
TH Köln.

4.2 Pattern Mining

This discovering phase is referred as Pattern Mining, a term commonly used in the
field of computer science, which describes a process focusing on identifying rules for
specific patterns within the available data. This metaphor emphasizes the importance
of discovering and analyzing the existing design structures and implicit knowledge of
the experts from different perspectives. In order to establish a set of mining criteria
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concerning contemporary issues on the topic, the authors have collected insights from
the following sources:

• Reports of organizations on requirements for future hybrid learning environment,
and potential solutions. For example, Hybrid Environments for Universities (an
international and interdisciplinary expert manifesto 2020) [28].

• Expert interviews from six unique perspectives, design practice, design education,
information technology, art, social media, and policy making.

In the process of identifying the relevant patterns, the findings from existing frame-
works can be considered as driving factors. Using amix ofmethods, the proto patterns are
derived from seven relevant areas in literature: Architecture, spatial Design, HCIDesign,
Game Design, E-learning, Collaboration and Co-creation, and Creative Thinking and
Innovation.

5 Results and Discussion

5.1 Design Requirements for Hybrid Creative Learning Spaces

In order to establish successful hybrid creative environments at educational institu-
tions, insights are gathered from recent literature, organization reports, and expert inter-
views. In Table 3, the authors summarize important design requirements related to hybrid
creative learning spaces.

5.2 Design Patterns for Hybrid Creative Learning Spaces

Through the pattern mining process, various pattern frameworks and many pattern can-
didates have emerged from the analysis. Most of these pattern frameworks include a
reasonable number of patterns (in the range from 40 to more than 200), and follow
a standard pattern format describing the context, problems, solutions, examples and
relation to other patterns as well as their connectivity in the network.

A design pattern describes reoccurring problems or design challenges in a given
context, many design instructions and design patterns resemble Alexander et al.’s Pat-
tern Language approach. Potential patterns are mined from seven disciplines, they are
architecture and urban planning [2, 34], spatial design [5–12], HCI design [35–40], game
design [33, 41–43], E-learning [15, 17, 19, 32, 44–46], collaboration and co-creation
[47–49], and creative thinking and innovation [49–53], in total 35 sources.

To mine related pattern frameworks and patterns from a large pool of selection,
two rounds of screenings were conducted. The first screening was based on the design
requirements for hybrid creative learning spaces, leading to more than 600 initial design
pattern candidates derived from seven disciplines:

• Patterns in Architecture (22 pattern candidates)
• Patterns in Spatial Design (54 pattern candidates)
• Patterns in HCI Design (126 pattern candidates)
• Patterns in Game Design (166 pattern candidates)
• Patterns in E-learning (118 pattern candidates)
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Table 3. Overview of design requirements for hybrid creative space for learning (Drawn by
authors).

Design requirement Explanation

Space as a platform or network for ideas space or various platforms (physical, digital
and social) to manifest ideas and support
collaboration with diverse stakeholders; large
space lets the mind expand and allows
building and testing more and larger sized
models; open resources

Social interaction, micro multination creative people are more important than space,
so space should facilitate meeting and
exchange cross-location and cross-cultural

Human-centric, culture, and identity Culture of spaces, reflect identity; symbolic
aspects; share and communicate feeling and
thoughts; evolve culture to the hybrid
workplace, reinvent work models around a
human-centric design and reinforce the
connection of people with the organization’s
culture

Biophilic design Window view, outdoor landscape, greenery,
inspire creativity, let the mind relax and
expand

Playful experimental atmosphere Games, toys invite to experiment, risk- taking,
and allow failure; integration of spaces and
activities; positive energy and people

Software and hardware support Integrate synchronous hybrid working and
learning with proper hardware, software, staff
training on technology adaptation

Flexible space, changeability fixed or saved space; gradient space; flexible
hours and locations

Ownership of space Freedom; bring your own thing (BYOT), and
personal IoT devices or wearables

Multi-sensory stimuli (visual, tactile, olfactory
and acoustic)

Visible materials, books, and other
information can inspire new ideas and
increase creativity. materials, smells, cooking,
and sound inspire creativity. Enhance or
compromise visual and audio cues that is
missing online

accessibility Visibility; physical and digital accessible
invites and encourage to create and to
experiment; access to open source

(continued)
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Table 3. (continued)

Design requirement Explanation

integrating technology &Infrastructure Infrastructure needs to guarantee connectivity,
devices, and open access licenses. Support
with technology and tools to enhance
productivity; access to basic endpoint
infrastructure; support information flow
between physical and virtual workspaces,
implement motion sensors and facial
recognition

Space management Space scheduling system. Mange integrity and
risk. From data integrity and security to the
reliability of internet connections. Activity
coordination

Reduced stimulation, back to analogue White space, empty space fosters creativity,
invites people to project their own ideas into it

Bodily awareness and movement Visible movement or own movement (e.g.
walking, sports) facilitates creativity

Techiture The amalgamation of technology and
architectural elements

making spaces Space that allows to make things manually
fosters creativity

Creative labelling designating a space for creative work, or
historic creative surroundings can set a mood
or mindset receptive for creativity

Fig. 5. Examples of pattern descriptions in standard format [10, 33]

• Patterns in Collaboration and Co-creation (46 pattern candidates)
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Fig. 6. Examples of pattern language networks [2, 8, 18]

• Patterns in Creative Thinking and Innovation (86 pattern candidates)

Given their relative importance and time restrictions, during the second round of
screening, the authors put emphasis on the patterns that fit the following criteria:

• Relevant to hybrid social-spatial design.
• Relevant to creative process in educational contexts.
• Supported by empirical evidence.
• Completeness of the pattern language, including pattern descriptions, hierarchies of

the patterns, and indication of the internal links among patterns.

In the category of Architecture and Urban Design, pattern candidates offer many
classical architectural design guidelines, however they are not directly linked to hybridity
or creative processes, therefore not efficient for hybrid creative environments. Although
other categories, such as Collaboration and Co-creation, and Creative Thinking and
Innovation, suggest useful patterns for social interaction and collaboration, they do not
give any indication on spatial design. A as consequence, these categories are not part of
this study. As a result, 323 patterns candidates (or proto patterns), are derived from four
disciplines (Spatial Design, HCI design, E-learning, and Game Design).

• Patterns in Spatial Design: 49 pattern candidates [10]
• Patterns in HCI Design: 112 pattern candidates [36, 39]
• Patterns in Game Design: 126 pattern candidates [43]
• Patterns in E-learning: 36 pattern candidates [46]

Figure 7 shows the hierarchy of the proto patterns in their original clusters and
sub-clusters. They can be explained using established theories and are commonly built
on an empirical basis, for example, pattern candidates from Game Design [43] were
formulated based on the players’ experiences in various popular video games, and those
from Spatial Design [10] were implemented and evaluated through the real site project
“the Idea Lab”. Because of the diversity and richness in content, proto patterns presented
in this study can be considered as a starting point for developing a pattern language of
hybrid creative learning spaces.
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Fig. 7. 323 proto patterns from four disciplines (Spatial Design, HCI design, E-learning, and
Game Design), organized in their original clusters and sub-clusters (Drawn by author).

After a further analysis of the proto patterns’ possible application, 13 generic pattern
clusters have evolved. In Fig. 8, the 13 pattern clusters have been mapped in relation to
hybrid design themes, whereby 6 clusters are located at the intersection of two different
hybrid design themes, they are group support, resource and resource management, com-
munity support, base technology, blended interaction, narrative structures, predictability
and immersion. It suggests that potential links between the five hybrid design themes
that yet fully addressed by Benyon et al. can be further investigated. In addition, the
pattern clusters at the intersection may play important roles in the whole network of
pattern language of hybrid creative learning spaces. For example, they might be the core
pattern clusters that influence other clusters in the network; or act as bridges that must
be crossed to reach other pattern clusters. However, these hypotheses need to be verified
in the future study.
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Fig. 8. Five hybrid design themes and how they are addressed by 13 generic pattern clusters
proposed in this study (Drawn by author).

6 Conclusion and Future Work

To design future hybrid creative learning spaces, this ongoing research project aims to
develop a FHCS framework that addresses design issues from both physical and digital
spaces, as well as to use a pattern language approach to bring together useful design
guidance and tools from different disciplines. Moreover, this project could grow into a
network that continues to extend and evolvewith the input of knowledge and experiences
from experts. Based on current findings, the proto patterns collected from four disciplines
have proven their validity in the original context, and combing them offers a huge
potential for solving problems that might not easily be solved in isolation, which is also
in line with the interdisciplinary approach encouraged by many architects and pattern
language theorists [29, 54–56]. However, the proto patterns have to be transformed
or updated for hybrid creative spaces, based on the FHCS framework. Future work will
include the evaluation and validation of the patterns, and the analysis of their connections.
The following actions are currently planned:

1. Development of a spatial typology for hybrid creative environments and its imple-
mentation into the blended space framework.

2. Multi-case study in three design institutions (UK and Belgium), including interviews
and observations of their creative learning spaces.

3. Network analysis on proto patterns to identify their new links, and evaluation of the
links through a focus group.

4. Pattern writing workshop (focus group workshop) with experts.
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