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Abstract. TUIs, AR, gesture and voice recognition are just some of 
the ubiquitous computing (ubicomp) technologies that have quickly 
taken a centric place in our everyday lives.  The vast surge of compu-
ting systems and commercial devices which use these technologies is 
increasing at a surprising rate.  Hardware and software developers are 
quickly including innovations to supply the demand for new technolo-
gy.  However, very little has been done towards investigating plausi-
ble ways to integrate ubicomp technology in the design process.  To 
obtain solutions that would fill the gap between the current develop-
ment of tools and their integration in the design process will require 
research of not just the ubicomp technology, but also the design pro-
cess, and the factors that determine when and if designers use techno-
logical tools.  This paper will consider the following questions: 1) 
What are the opportunities for integrating ubicomp technology in the 
design process? 2) What are the key components needed to success-
fully enhance the design process with ubicomp technology? Using the 
field of architecture as a study context and grounded on an analysis of 
theories and findings from previous research this paper provides an-
swers to the above questions and introduces the concept of Pervasive 
Hybrid Interfaces as a future avenue for the integration of ubicomp 
technologies in the design process.   

Keywords. ubiquitous computing; user interface; pervasive compu-
ting technology; design research; architectural design process.  

1. Introduction  

The rapid, continuous evolution of technology encourages the development 
of software and hardware tools to help the AEC industry.  In some fields, 
such as Human Computer Interaction (HCI), there is much enthusiasm about 
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how technology can assist professionals in different areas of research and 
practice; such assistance however isn’t always welcomed by designers.  
Based on anecdotal evidence, designers rarely allocate time to find ways to 
integrate creative ubiquitous computing (ubicomp) tools (such as smart 
phones, tablets, smart TVs) to support their daily design tasks.  Despite some 
designers’ interest in ubicomp technology, they usually have a task that will 
understandably have a higher priority: to achieve the best-designed product 
in the most readily efficient way.  This priority shift makes integrating new 
technology in the design process a seemingly unfeasible task.   

On the other hand, there are also architects who recognize that the con-
struction industry’s productivity index has been declining for a few decades 
(see Figure 1) and are trying to fully utilize today’s modern tools to help im-
prove productivity.  It is surprising that regardless as to whether the designer 
prefers the new technology or the ‘do it all by hand’ methodology for their 
design tasks, most of them seem to gravitate towards ubicomp technology in 
other areas of their lives.  Therefore, the problem may not necessarily lie in 
understanding ubicomp technology, but instead in finding ways to seamless-
ly and efficiently integrate these technologies in the design process.    

 

 
Figure 1. Construction field Productivity Index 1964 – 2003 (Teicholz, 2004) 

2. Background 

In the architecture, engineering and construction (AEC) industry there is a 
direct relationship between a company’s productivity and the use of technol-
ogy.   

The slow acceptance of new technology is partially responsible for the 
drop of productivity in the professional practice for over 30 years (Teicholz, 
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2004).  The use of technology however is not the only problem that afflicts 
the AEC industry.  Companies lose millions of dollars due to problems with 
studio culture, business strategies as well as the previously mentioned chal-
lenges regarding the integration of technology and software.  These technol-
ogy-related problems can vary widely from measuring the company's return 
of investment (ROI) to determining efficient ways to integrate new software 
and hardware with their current practice.   

 

 
Figure 2. Annual losses for the AEC industry (Gallaher and Chapman, 2004) 

The manual re-entry of information resulting from the continuous use of pa-
per-based design is responsible for the biggest loss of money in the architec-
tural design process (Gallaher and Chapman, 2004).   

  
Figure 3. Main sources of loss of money in the Architecture Design Process (Gallaher and 

Chapman, 2004)  

We believe that ubicomp technologies have the potential to alleviate 
some of these issues, in particular regarding aspects of productivity and de-
sign problems, and to improve efficiency in the design process and profita-
bility to companies.   
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3. Ubiquitous computing and the architecture industry 

Weiser (1999) coined the term ‘Ubiquitous Computing’ in the late 1990s. He 
used the term to describe a future vision, in which computing technology is 
seamlessly woven into the everyday fabric, and therefore better at supporting 
people in their everyday tasks.  Since then technology has improved rapidly 
allowing some of his ideas to become a reality.   

Our computational era is increasingly shifting from mobile to ubiquitous 
computing (see Figure 4).  This evolution has also been described as the ‘In-
ternet of Things’ (Gershenfeld et al, 2004).  Compared to the mobile era, an 
ubicomp environment is saturated with ‘smart’ objects that are aware of their 
surroundings and capable of communicating with each other.  These obser-
vations motivate the development of design tools that are compatible with 
and make use of ubicomp technology, focusing on factors, which lead to a 
faster integration and acceptance from designers. 

 
Figure 4. Information Systems Evolution Eras (Kourouthanassis and Giaglis, 2008) Adapted 

from Birnbaum (1999) 

According to Buxton (2007) new technologies take 20 years or longer to 
become mainstream. For example, the concept of Building Information 
Modelling (BIM) existed in the early 1970s (Eastman, 1974) but it has taken 
nearly 40 years for the concept to reach 79% of AEC firms (McGraw-Hill 
Construction, 2012).  Are we still 20+ years away from seeing ubicomp 
technology partially integrated in the architecture industry?  The delay be-
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tween development of technology and its practical integration into the design 
process is clearly important and also grossly underestimated. 

4. Design Process 

To understand the nature of the design process, it is important to understand 
the rationale behind the choices designers make while designing.  Dong 
(2008) states that: 

“In my own field of design computing, understanding how designers 
design through the methods of cognitive science has inspired models 
of computing, which in turn serve as the foundation for design tools 
and computational systems that enact design.” 

To design an interface for designers, and for them to embrace it, the inter-
face would have to blend in with the way designers typically create their 
work, while pervasively enhancing their ‘Design Thinking’. Cross (2011) 
states that:   

“An important feature of their strategy is parallel working – keeping 
design activity going at many levels simultaneously.  The best cogni-
tive aid for supporting and maintaining parallel design thinking is 
drawing…the drawing of partial solutions or representations also aids 
the designer’s thinking processes, and provides a form of interactive 
‘talk-back’.” 

The above quotes emphasise the need to deeply engage with the design 
practice in order to develop ubicomp technologies that are not only provid-
ing effective tools but are also accepted by designers.  Rather than starting 
from the technology, it is essential to first deconstruct the design process and 
the activities that such a process entices.  The intrinsic nature of the design 
process and the multiple sources where designers can draw inspiration from 
further require an interface of hybrid nature rather than a one-interface-for-
everything solution.   

5. Existing ubicomp technology and their use in the design process  

A number of ubicomp technologies have been investigated regarding their 
application in the design process.  One of the most promising integration is 
the concept of Tangible User Interfaces (TUIs), which was introduced as a 
new interaction paradigm by Ishii and Ullmer (1997).  TUIs provide physical 
form to digital information and computation, facilitating the direct manipula-
tion of bits (Ishii, 2008).  Multiple studies have empirical data that supports 
claims for the positive influence of TUI technology in a designer's cognitive 
process as well as their spatial perception.  For example, work by Kim and 
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Maher (2006b) confirmed the positive effect of a collaborative TUI envi-
ronment in the design process.  Findings from another study (Kim and Ma-
her, 2006a) suggested that TUIs as well as augmented reality offer an alter-
native to standard computer user interfaces for designers. 

Augmented Reality (AR) is another promising ubicomp technology, 
which describes the overlay of the physical environment with digital infor-
mation (Tomitsch et al, 2012).  While exploring different prototypes of in-
teraction with simulated handheld projection-based AR Tomitsch et al 
(2012) suggested that to successfully achieve an effective AR interaction be-
tween the data and the user, it is important to choose the interaction tech-
nique that best matches the representation metaphor used in the interface.  

Multi-touch sensing enables a user to interact with a device with more 
than one finger at a time, as in chording and bi-manual operations (Han, 
2006).  Lawson (1994) depicts the relevance of the ‘unique’ hand-brain con-
nection and how it affects the design process.  He writes that designers “find 
it hard to think without a pencil in their hand”.  However, we propose that 
such connection can be enhanced with help from ubicomp technology to 
help designers.   

To answer the question of “What are the opportunities for integrating 
ubicomp technology in the design process?” we set out to analyse these new 
interaction paradigms to investigate innovative ways to utilize different as-
pects of ubicomp technology.  However, the review of previous research ex-
posed a lack of research focusing on the direct application and integration of 
ubicomp technology to the design process.  Most ubicomp research takes a 
technology-centric approach, with a few exceptions that investigate design-
ers’ collaboration, and spatial cognition applications, such as the work done 
by Kim and Maher (2006a; 2006b).   

The multiple phases in the design process and a complex network of 
ubicomp technologies require a sub-division of possible opportunities of in-
tegration.  In the ‘Schematic Design’ phase, where our research focused on, 
a combination of TUIs, AR, and ‘Stylus’ driven digital sketching has the 
most promising acceptance when used to develop quick schematic shapes 
and volumes.  Once available commercially for the masses, we anticipate 
that holographic display will also be an effective tool for this phase.   

One of the reasons we decided to focus on the Schematic Design phase 
involves the use of computer vision and gesture recognition as part of the 
cognitive process in the design of new ideas and shapes (Aigner et al, 2012).  
In the ‘Design Development’ phase the use of small devices on site when 
surveying and verifying existing buildings while simultaneously correlating 
them to the digital model can be an effective tool to expedite the accurate 
development of the Construction Documents.   
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Despite many possible applications in different design phases and design 
fields, the lack of cases studies of the previously mentioned work applied to 
the design process stresses the disconnection between the two.  Based on 
these observations the next section introduces our proposed solution to help 
close the gap between ubicomp technology and its application in the design 
process. 

6.  Pervasive Hybrid Interface  

As previously mentioned, there is an on-going change from the mobility era 
to the ubiquitous era of computers.  The devices, and the way they are being 
used are changing to a less centric approach.  Similarly, the way designers 
communicate with computers needs to change.  Hybrid user interfaces merge 
various different, yet complementary interfaces (Butz et al, 1999) to provide 
the user with options of how to interact with a device.  To answer the ques-
tion “What are the key components needed to successfully enhance the de-
sign process with ubicomp technology?”  

Our response is based on Weiser’s vision of ubiquitous computing and 
the discussion of the characteristics of the design process, we argue for the 
need of Pervasive Hybrid Interfaces (PHIs).  PHIs are interfaces that provide 
users with a range of user interface access channels to manipulate the same 
datasets using different tools.  That allows designers to use whatever tool is 
best suited for the task at hand and the particular context.  The term “perva-
sive” in the context of this paper embodies the same meaning as “ubiqui-
tous”, following the advice by Satyanarayanan (2002) who expressed in his 
editorial statement in the first issue of IEEE Pervasive Computing that both 
terms should be used interchangeably. The following definitions of “Perva-
sive Computing Technology” set up the stage for our proposed Pervasive 
Hybrid Interface (PHI).  

“Pervasive computing technology refers to an emerging branch of 
computing devices that are seamlessly embedded in the background to 
serve preconfigured purposes.  These computing devices are designed 
to blend into people’s physical surroundings and are engineered to 
support work practices and routine activities within and across bound-
aries.  This new breed of computing is based on architecture that is not 
tied to personal devices but instead embedded into the fabric of life.” 
(Lyytinen et al, 2004)  

 “An environment saturated with computing and communication capa-
bility yet so gracefully integrated with users that it becomes a “tech-
nology that disappears.”” (Satyanarayanan, 2001) 



50 E. DE LA CRUZ AND M. TOMITSCH 

“Interconnected technological artifacts diffused in their surrounding 
environment, which work together to sense, process, store, and com-
municate information to ubiquitously and unobtrusively support their 
users’ objectives and tasks in a context-aware manner.” 
(Kourouthanassis and Giaglis, 2008) 

For the upcoming ubiquitous computing era, because of the diversity of 
devices and input methods, we believe that Pervasive Hybrid Interfaces 
(PHIs) will offer an alternative way to interact and communicate with differ-
ent devices, which in turn communicate with each other.   

The hybrid and diverse nature of the interface will enhance the user’s ex-
perience with digital information, metadata, overlays, etc. while enjoying the 
affordance and familiarity of the physical objects (see Figure 5). 

PHIs will provide designers with a passive, transparent integration of 
ubicomp technology while maintaining all the benefits of enhanced interfac-
es.  To achieve this integration we propose to use a combination of ubicomp 
technologies, such as TUIs, AR, multi-touch technology, and gesture recog-
nition.   

 
Figure 5. Possible scenario of  a Pervasive Hybrid Interface for the architectural design 

practice. 

Gestures recognition forms a significant component not only because 
gestures are a non-verbal aid to communicate our ideas, but also an integral 
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part of our cognitive process of design ideation as they help us think and un-
derstand our concepts in combination with verbalization (Jonson, 2005). 

The proposed concept of Pervasive Hybrid Interfaces aims to combine 
pervasive computing technology and hybrid user interfaces, allowing inputs 
to various devices by numerous means.  

7. Conclusions and future work 

In this paper we proposed the concept of Pervasive Hybrid Interfaces (PHIs) 
as a new approach for closing the gap between ubicomp technologies and the 
design process.  Using the architectural practice as context, we conclude that 
for PHIs to be successfully adopted by designers, they will have to at least 
meet the following criteria:   

1) They need to be composed of multiple devices or artefacts, instead of a 
single personal computer.   

2) They will have to “blend”, “disappear”, and “ubiquitously…support 
their users’ objectives and tasks”.   

3) They will need to support and complement traditional input (e.g. tradi-
tional sketching) rather than replacing it, and to ‘sense’ or understand 
the tasks from the users in their respective context.  

Promising questions for future research emerging from our analysis and 
proposed solution further include: Which factors determine whether 
ubicomp technologies are implemented in the current design process? How 
can the integration of ubicomp technologies be perceived as an enhancement 
of the design process? Which opportunities develop from enhancing differ-
ent phases of the design process with ubicomp technology?       
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