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The boundaries of augmented reality in the academic field are now being
explored at an ever increasing level. In this paper we present the initial findings
of an educational project focusing on the use of augmented reality in the design
process of an architectural student. The study seeks to evaluate the use of AR as a
tool in the design stages, allowing effective exploration of spatial qualities of
design projects undertaken in the studio. The learning process is guided by the
exploration and detection of a design idea in both form and function, with the
virtual environment providing a dynamic environment (Mantovani, 2001). This is
further reflected in the constructivist theory where the learning processes use
conceptual models, which are used to create incremental stages that become the
platform to attain the next [Winn, 1993]. The additional benefit of augmented
reality within the learning journey is the ability of the students to visually explore
the architectural forms they are creating in greater depth.

Keywords: augmented reality, pedagogy, learning journey, exploration

AIM
Research into the use of augmented reality in the
learning environment is relatively emergent in the
academic arena. However, the possibilities for explo-
ration of spatial, geometric environments abound.
As the pedagogical landscape is now changing in
terms of cohort requirements, as a reflection of new
societal goals, the pedagogy of 5 years ago has al-
ready begun to change. What is expected in to-
day's pedagogic environment is now different, with
leaner's requiring change and a deeper learning to

their pedagogic journey.
In this paper we present the initial findings of

an educational project focusing on the use of aug-
mented reality in the design process of an architec-
tural student. The study seeks to evaluate the use
of AR as a tool in the design stages, allowing effec-
tive exploration of spatial qualities of design projects
undertaken in the studio. The learning process is
guided by the exploration and detection of a design
idea in both form and function, with the virtual en-
vironment providing a dynamic environment (Man-
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tovani, 2001). This is further reflected in the con-
structivist theory where the learning processes use
conceptual models, which are used to create incre-
mental stages that become the platform to attain the
next [Winn, 1993]. The additional benefit of aug-
mented reality within the learning journey is the abil-
ity of the students to visually explore thearchitectural
forms they are creating in greater depth. Tradition-
ally, drawings, sketches were transferred to the 3D
format of models. This transfer has allowed the co-
hort to better understand and comprehend spatial
and constructional issueswith their designs in amore
detailed and clearer manner than traditional learn-
ing, via drawings and models. The ability to move
seamlessly from sketch idea to augmented model
has emphasised a step change in the pedagogical
landscape in the architectural studio. The interface of
augmented reality allows for faster comprehension
ofdesign ideas, the visualisationallowing for intuitive
and instructive learning to occur.

Figure 1
The Pedagogic
Iceberg - The
Known knows and
unknown unknows.

Design thinking and the journey we take to-
wards a solution takes what Cross. refers to as mid-
dle path and is primarily concerned with appropri-
ateness, understood as that fragile quality which is
achieved when the best of human intentions are re-

alized within the constraints of reality (Cross, 2001).
The current dichotomy emerging in studies on the
use of visualisation in the design process would sug-
gest there remains confusion as to whether design
is thinking or doing? The study attempts to observe
and correlate the learning 'loop' of thinking and do-
ing, which forms a critical part of the self learning
and reflective feedback that is fundamental to ac-
quiring knowledge. The study assesses the poten-
tial, within the architectural studio, to combine think-
ing and doing into 'design thinking' where the aug-
mented reality models are used to explore and raise
questions, that the learning journey may never have
anticipated, with the use of augmented reality. The
emerging routes of learning and their occurrence
in the learning journey are also noted and assessed
in relation to the traditional studio based expecta-
tions of and the qualitative differences when choos-
ing augmented reality as an exploration tool in the
architectural studio environment.

What is Augmented Reality, what is virtual real-
ity?

It is important for this study to ensure that these
immersive realities are understood, both augmented
reality (AR) and virtual reality (VR) are often taken
as the same. Whilst both are considered immer-
sive, it is only virtual reality that is deemed truly 'im-
mersive' as it allows to user to only see and expe-
rience the virtual world, with no 'connection' to ex-
ternal stimulus. Whereas, augmented reality allows
the user to experience both the 'altered world' and
the existing real world environments simultaneously
with one 'superimposed' over or within the other.
The use of AR in teaching occurred more recently,
in 2000, when Shelton and Hedley used the 'tool' of
AR in the teaching of their undergraduate students.
This teaching included simple rotation of images and
shapes that represented the planets and their rela-
tionship to the sun. The teaching allowed for the im-
ages to be moved and experienced from many dif-
fering viewpoints almost simultaneously by the stu-
dents. This usedAR to allow for new levels of learning
that were outside of those studied and formalised by
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Schon (1983) and Bruner (1961). The learning expe-
rience was autodidatic, in that the student using AR
learns about their design during their journey with-
out the formal interaction of the studio tutor, in re-
ality the student becomes 'self-taught'. The use of AR
within the learning journey that occurswithin an aca-
demic architectural studio yields a learning that has
elements of autodidactism. Where the learning that
occurs is self-directed and related towards informal
learningandwhichoccurs in a series of successive ab-
sorptive and contemplative occurrences. Mantovani
(2001), stated that these successionswithin the learn-
ing journey occur through discovery via exploration
in a natural manner as an apportion of the process of
learning.

Re-abstraction and re-alignment: AR as the new
convention for design process

There are few recent academic papers that have
continued the exploration and study of creativity in
the archietctural academic arena (Neely, D. 2008, -
BIM 101 overview - 'From hand drawings to CAD and
now BIM', Ambrose, M. A. 2012- 'Agent provocateur
- BIM in the design studio', Ibrahim, et al 2010- 'Com-
parison of CAD andmanual sketching tools for teach-
ing architectural design'). The precursor to research
into creativity and the creative processwere the stud-
ies concluded by Finke, Ward and Smith (1992) posit
the hypothesis that the creative process is one of a
multiple stranded series of processes that together
evolve towards a combined phase of 'creative insight
and discovery'. Intriguingly these multiple occur-
rences converge only having moved through a dis-
tinct phase termed 'pre-inventive' where the 'struc-
tures' of the artefact are brought together frommen-
tal representations of the prior creative occurrences.

Interestingly Cross and Dorst (2011), concluded
subsequently to Visser (1995), that the creative jour-
ney is also a series elements termed activities that
also occur in succession and result in a 'novel event'.
This novel event could be aligned with the notion
of 'creative leap' or eureka moment, when the pro-
cesses that have occurred prior to thatmoment allow
an alignment or focus to the thought processes that

enable the production of the 'artifact' or design solu-
tion. However, Cross ( 2001) and Dorst (2011) do not
suggest that the processes or stages to arrive at the
artefact have to be part of a cognitive model in or-
der to materialise. In fact they concluded that such
events can be random in nature or 'non-routine' and
the occurrence of the artefact is merely one activity
that is different to all others due to the emergence
of a 'considerable or unanticipated' happening. This
study uses the hypothesis of Visser (2004) who pro-
poses that design activity is comprised of a series of
procedural stages that conclude in the production of
what he calls the 'creative artefact'. The use of AR can
allow for enhanced reflection of their designs and the
ability to create iterative steps that employ progres-
sional advances of multiple layers that are fully im-
plicit and part of the students learning journey.

THE PEDAGOGIC PUSH - PULL: AR INTE-
GRATION IN THEARCHITECTURAL STUDIO
It is now understood in academia that the pace of
technology in the learning environment is impact-
ing of the differentiation between digital physical-
ity and physical digitality. These previously separate
domains are now becoming increasingly integrated
and the clear lines between the two are now blurred.
There is concern amongst many teaching in archi-
tectural studios within academia that this integra-
tion will bring with them a new era of exploration
within studio design, that of synchronic exploration
of building form using both traditional and increas-
ingly digital methods, this goes against the long held
traditional normofnon-digitalmethodsof pedagogy
in the studio environment.

What was once a dialogue that stemmed from
pen to paper to thought and back to pen, in an
ordered and responsive learning and design jour-
ney. The students within today's architectural studio
can utilise the integrated and immersive approaches
of Building Information Modelling (BIM) and aug-
mented reality (AR). The student still 'models' their
building, its form and spatial expression, however via
digital modelling, an immersive exploration can be
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experienced. One that allows the embedded data
and information about space, structure andmaterials
to be synchronically manipulated in a blended and
deeper learning journey.

The augmented models that are used allow for
the synergy of both physical and digital modelling
and exploration to occur seamlessly. This readily
accessible and seamless environment allows for a
greater accuracy and finer levels of manipulation to
be achieved. There is a new pedagogic classification
occurring when we use BIM and AR modelling in ar-
chitectural teaching, that of 'depth of learning'. The
study indicated that when using the BIM model, the
cohort were able to explore more 'what if's' in rapid
succession which, inturn, enriched the final learning
journey and its pedagogic outcomes. Using AR the
learning was deeper still; the connection with the
model was far more immediate, seeing the model in
a real world setting seemed to communication be-
tween student to student or student to tutor dia-
logue (Clayton 2010, Dorst 2011). Both perception
and interpretations of themodels studiedwere richer
in detail and created a new critique dynamic.

Modelling is a key tool in architectural studio
teaching, using this method of exploration allows
higher order cognitive skills to be used by the cohort,
such as spatial, planning and relationship of form.
Using AR to explore the model(s) allows for a criti-
cal synthesis of these cognitive skills, where interac-
tions with the model create immediate design itera-
tions that move the student forward through the de-
sign journey. Levels of detail can be explored simul-
taneously and in parallel. This studio process should
be re-structured to allow for a greater transparency
for the cohort to realise that the ability to explore,
amend and reflect is a iterative loop that can exist at
any point in the design journey. The academic studio
should also empower their cohorts with 'tools' such
as AR that allow for enhanced reflection of their de-
signs and the ability to create iterative steps that em-
ploy progressional advances of multiple layers that
are fully implicit and part of the students learning
journey. "The discussions at the end of the course

clearly indicated to me that the students now con-
sider the development of programs as their own per-
sonal expression of an idea, that CAD systems could
be used to investigate ideas and not only document
deci¬sions alreadymade. They began to understand
the feedback their rules created and how it could be
used to clarify concepts" (Krawczyk, 1998).

Figure 2
Evolution of the
iterative 'loop' with
problem and
solution space
within the iteration.

The base iterative 'loop' shown in Figure 2, has
evolved, via the emergence of a digital domain in the
studio, to include the concept of problem and solu-
tion space proposed by Maher (1996). Maher's con-
cept suggested the idea of movement from problem
space to solution space as the learning occurred. This
study suggests that utilising AR allows the problem
finding - problem solving phases of the design jour-
ney to be far more acquiescent, as the exploration of
both scale, spatial and structure amongstmanyother
design layers can be viewed and experienced with
greater levels of detail at the identical point in time
within the journey.

This plurality is conceivedof a newconstruct rep-
resented a fundamentally altered medium from the
tradi¬tional representation in contemporary prac-
tice of architecture. However, this altered approach
bringswith itmanybenefits and a richer appreciation
of the very design be¬ing formulated within schools
around the UK. If AR brings such benefits why is it
not fully integrated into the architectural curriculum?
As the architectural industry is now approaching full
assimilation of design functions and seamless inte-
gration for those that use BIM and AR packages, why
are we not educating our architectural graduates to
stream into such working environments with seam-
less curricula? As with integration of previous tech-
nology in the academic studio, there is current con-
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cern and general resistance that the rapidity of trans-
formation in digitial technology will result in an in-
creasing 'gap' between those who teach in the archi-
tectural academia and themastery that such digitial-
ity requires. In order to direct the cohorts towards
a greater understanding of the capabilities proposi-
tioned by such technology it must first be embraced
and embedded. This study demonstrated that the
bottomup attitude of using AR and computers in the
academic studio first reported by Martinez and Vigo
in 1999, it still as challenging today, some 15 years
later.

This paper will investigate the reasons behind
the complications of AR implementation in curric-
ula by using both an initial forming survey and then
structured interviews of current graduates from the
Department of Architecture and Built Environment,
June 2014. The paper is structured as follows: first,
we have an overview of technological change liter-
ature will be presented and will introduce the con-
cept of AR in curricula; next, wewill describe the how
the data is collected and analysed in this study.; then
we explain the results of this study; lastly wewill con-
clude the findings.

METHODOLOGY
The ongoing research follows a heuristic approach to
evaluation, which consists of an iterative process of
analysis, design and re-test phases. This approach
has been adopted for this research as there are no
current guidelines as to how AR should be tested
and what data should be achieved in both type and
amount. The cohort were introduced to AR using ba-
sic, freely available software from AR Media. This ap-
proach was used as it allowed for rudimentary meth-
ods of interfacing with their building models. The
data was then captured in two stages, seminar ses-
sions were used to review and explore the building
model via the use of AR, the findingsmade by the co-
hort and the dialogue of these sessionswas captured
and analysed. The same cohort were also asked to
capture their learning journey, finding and how the
model was navigated and explored. The study fo-

cuses on the use of augmented reality in a collabo-
rative learning context. The studio format for learn-
ing architectural subjectswithin academia is a funda-
mental influence in the discipline. Cohorts learn both
within lectures and also socially, whilst in the studio,
by peer to peer learning and conversation and dia-
logue that become reflections which inturn are em-
bedded into futher design work or learning. Such in-
teractions havebeenhistorically studied in this genre
by academics and theorists such as Dewy and Schon.
This exploratory study has been carried out in a field
of research that is still emergent. Although, in the
last 3 years there is a notable increase in interest
and a growth of research in the application of AR in
the learning environment to enhance erudition and
scholarship. Particular focus will be given to the use
of augmented reality in architectural studio learning.
The study is considered as an exploratory review and
survey of architectural students currently studying at
Northumbria University and completing their archi-
tectural design module - BE1341 Virtual Project. This
module is studio based and contains a high level of
technical challenges (such as continued resistanceby
theacademic studio todigital explorativemethodsof
design and learning by abstraction).

The specific objective of this study was to es-
tablish those challenges and the potential benefits
of using augmented reality within the learning jour-
ney of the cohort studying this module. The study
included a questionnaire to the 45 students study-
ing the Virtual Project module. The final submitted
number of questionnaires totalled 41. The survey
contained 10 questions relating to the use of aug-
mented reality and how this was used within the
learning journey of the student(s). Three questions
gathered information on the development of the de-
sign and what was learnt at key stage of its devel-
opment using traditional methods and ARwithin the
studio environment. The subsequent four questions
related to the use of augmented reality, the software,
it ease of use or adoption as part of the learning, ex-
ploratory process of the students journey through
theproject. The concludingquestions related theuse
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and perceived benefits of augmented reality within
this learning journey. Focusing on the proficiency
of the students to visually explore the architectural
forms they created as the output for themodule. The
questions were generated to allow for identification
of the types of inferences that would best inform a
process of change in the future pedagogic format of
learning and delivery within the architectural studio.

The cohort has an average of 2-3 years' experi-
ence of the design process and have used various
design software packages prior to commencing on
this degree course. So far, the results have indi-
cated some robust themes that occur across the data.
Therefore, although the results are partial, they can
inform future study in this area of pedagogy.

AUGMENTED REALITY: CATALYST FOR RE-
THINKING DESIGN EDUCATION
The study of design activity has grown progressively
over the last 30 years. During this period a rather
small number of studies have been undertaken. The
early pedagogic studies of Bruner (1961) and Schon
(1983) set the grounding for more digitally focused
studies by Cross (2001), followed byWinn (1993) with
a marked increase in studies and research by Am-
brose (2009), Clayton (2010), Ozener (2010), Farias
(2010) and more recently Decker (2013). These stud-
ies were often small in scale and remain untested, as
their findings were not verified in repeat studies. AR
allows the problem finding - problem solving phases
of the design journey to be far more acquiescent, as
the exploration of both scale, spatial and structure
amongst many other design layers can be viewed
and experienced with greater levels of detail at the
identical point in time within the journey. Cross
(1999), concluded that within design cognition there
are distinct phases of 'finding' and 'solving'. These ac-
tivities included significant problem structuring and
problem solving (Cross, 1999) cycles. Cross formu-
lated three cognitive phases from his early studies;
(1) Formulation, (2) generation and (3) process. These
phases allow for an identification of design as a pro-
cess in the context of academia.

AUGMENTED REALITY AND ITS INTEGRA-
TION: EXPLORING THE UNBUILT
The process being observed in this study is the pro-
cess of design, the creativity that drives the progres-
sion and the activities that are involved. Creativity it-
self is often stated as an event of singular occurrence.
However the 'creative leap' is often debated in aca-
demic theories and academic research as a manifes-
tation of a series of smaller events that culminate in
the 'leap'. This point in the learning journey is ac-
knowledged as a significant observation point of the
journey, where the ideabecomes clear andbetter un-
derstood. Such activity is known as 'design cogni-
tion' with pioneering studies undertaken by Eastman
(1969). The design output from the academic studio
can take on many forms, varying at different stages
of the learning journey.

Figure 3
Mutliple Iterations
occurring within
learning journey
evolution.

These variations are often due to a need to com-
municate rapidly and effectively which in turn allows
for interaction from others (namely the tutor in this
context) externalizing the thoughts of the architec-
tural student. This need to switch from design jour-
ney to what is essentially 'presentation' of the idea(s)
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is a quick side step, the question is, using AR, could
this side stepbecomea forwardmovingprocess. This
is not to state that discussions with the tutor are not
a forward movement in the design journey. Simply
that, the need to 'produce' in order to communicate
an evolution seems somewhat unnecessary. AR and
other technology available to the cohorts of today's
architectural academic studios have a chance to up-
date this process.

Figure 4
Occurance of AR in
the learning
Journey, overlaid
onto the Schon's
Design Process of
Problem Setting
and Problem
Solving

Figure 5
The Co-Evolution
Diagram of Maher
et al (1996) (Image:
D.Morton)

FINDINGS FROM STUDY : CONJECTURES
ANDREFUTATIONS IN ADIGITAL CONTEXT
Finding 1: Developmental theory of cognition
and the act of seeing moving seeing. The study
demonstrated a pedagogic journey undertaken by
the cohort using AR that reflects a problem finding

- problem solving structure. With 73% of the cohort
using AR in the exploration of their designs to formu-
late solutions for spatial or structural relationships.

The findings would suggest that the use of AR
allowed these students to confront complex tasks
within their design and manage the complexity by
seeing the relationships of their intentions at both a
macro and micro scale. The resultant design change
could then be assessed and accepted or assessed
and rejected, so the 'task' could be managed at
the smaller scale, but with a clear understanding of
what the implication of that would be for the over-
all scheme. The finding replicates the relationships
found between talking and drawing in studies of ar-
chitectural cohorts by Schon and Wiggins (2006). In
this study the act of 'seeing - moving - seeing', is sub-
limated by AR into a series of small iteration cycles
that contain the same analysis, synthesis and evalua-
tion stages.

The cognitive steps taken in 58% of the co-
hort studied follow a linear progression similar to
Piaget's constructing operational thinking findings
(1979). However, although the progression is lin-
ear using AR, the progression is a series of paral-
lel linear progressions. The student creates abstract
concepts and articulated intuitive progressions from
which they begin creating constructs that arch be-
tween these parallels. The learning route is not au-
tonomous but in factmanifold in its pedagogic struc-
ture. The arches or leaps between the parallel learn-
ing seem to form the reflective abstraction. The leaps
from linear routes create anextensivemappingof for-
malisation of conceptualisation and transformation
of the design. Such constructs of abstraction and re-
constructs can be found in studies of Piaget (1979).
In these studies the journey of learning in also linear,
however the journey is a series of successive stages,
the findings ofwhichhavebeen critised for being res-
olute.

The study demonstrates a pedagogic journey
undertaken by the cohort using AR that reflects a
problem finding - problem solving structure. With
73%of the cohort using AR in the exploration of their
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designs to formulate solutions for spatial or structural
relationships.

Figure 6
Mahers Concept of
Problem- Solution
Space, blended
with the continuous
overlay of AR:
Creating a series of
'itteration loops'
that becomes
cycles of
assimilation and
accommodation.

Figure 7
The AR influenced
Iteration Loop :
Occurrence of
Manifold Evolution
Phases.

The findings would suggest that the use of AR
allowed these students to confront complex tasks
within their design and manage the complexity by
seeing the relationships of their intentions at both a
macro and micro scale. The resultant design change
could then be assessed and accepted or assessed
and rejected, so the 'task' could be managed at
the smaller scale, but with a clear understanding of

what the implication of that would be for the over-
all scheme. The finding replicates the relationships
found between talking and drawing in studies of ar-
chitectural cohorts by Schon and Wiggins (2006).

Occurrence ofManifold Evolution Phases
In this study the act of 'seeing - moving - seeing', is
sublimatedbyAR into a series of small iteration cycles
that contain the same analysis, synthesis and eval-
uation stages. The cognitive steps taken in 58% of
the cohort studied followed a linear progression sim-
ilar toPiaget's constructingoperational thinkingfind-
ings (1979). However, although the progression is
linear using AR, the progression is a series of paral-
lel linear progressions. The student creates abstract
concepts and articulated intuitive progressions from
which they begin creating constructs that arch be-
tween these parallels. The learning route is not au-
tonomous but in factmanifold in its pedagogic struc-
ture. The arches or leaps between the parallel learn-
ing seem to form the reflective abstraction. The leaps
from linear routes create anextensivemappingof for-
malisation of conceptualisation and transformation
of the design. Such constructs of abstraction and re-
constructs can be found in studies of Piaget (1979).
In these studies the journey of learning is also linear,
however the journey is a series of successive stages,
the findingsofwhichhavebeen critised for being res-
olute.

Finding 2: Parallel learning streams: Interactive
cyclical learning journeys. The results suggest that
as the design journey evolves there is a formation
of concept(s). The formation of these concepts are
generated from the interactive nature of exploration
of the model in AR. The study findings indicate the
process as being highly interactive, mirroring stud-
ies of Vygotsky (1978). The study indicated that 68%
of the cohort confirmed that the process of using AR
allowed their exploration to be a series of adaptive
and evolutionary stages, as the 'what if's' were ex-
plored. A higher figure of 81% stated that their de-
sign journeys were dialectic in formation arriving at a
final concept formation.
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The interactive cycles indicated in the findings
of this study show distinct alignment with Piaget's
theory of cognitive development, when using AR in
the design journey. Piaget's theory focused on two
processes, which were titled 'assimilation' and 'ac-
commodation'. Assimilation is a building element of
learning. From a series of these 'blocks' we assem-
ble our ownunique and personal relationship to how
we understand the world around us. These learning
blocks are then used by us to add to and incorpo-
rate our understanding of theworld and enhance our
existing knowledge. These associative connections
then build upon one another to deepen our knowl-
edge base. The process of accommodation, accord-
ing to Piaget, is the process by which the new ex-
perience or knowledge gained changes or replaces
the existing in your schema. These two processes
are organised in our knowledge as 'schemas'. These
schemas can be thought of as sections in a library.
The schemasallowus to readily access andcategorise
the knowledge acquired from assimilation and ac-
commodation.

In the results of this study, 72% of the cohort
agreed that use of the VR model allowed for better
perception of the developing building. In particular,
the spatial interrogation and structure were recog-
nised in terms of their attributes. A room was no
longer simply a space of three dimensions. These el-
ements of the design were queried in terms of their
location on plan, the relationship to section and how
all of these constituents were recognised in terms of
impact of the final design. During the exploration
of the model in AR, the assimilation and accommo-
dation processes are in continuous 'loop' as the de-
sign is created by abstraction. In the study the co-
hort, used the AR to test 'what if's' in a series of as-
similation processes. Many of these did not result in
overall amendments to their designs, but were part
of the learning journey. The occasions where these
tests of the design resulted in amended their design
or part of the design, this is in effect modifying the
schema of the model (in Piagets terminology) and
from this the new information is created and added

the overall knowledge of the model and the learn-
ing experience, accommodation took place. After 8
weeks of designing their projects for BE1341, the co-
hort showed no defined 'pattern' to the timing of ac-
commodation in their learning journeys. However,
their was a considerable increased in general accom-
modation in the earlier stages of 67%of the cohort in
the study.

Finding 3: The act of abstraction and concept de-
velopment. According to Arnheim (1998), the pro-
cess of abstraction in the design journey in part of
what is termed 'productive thinking'. He believed
that the abstraction of a design is significant in un-
derstanding the underlying concepts that are within
a form or object. The observations of this study indi-
cate that as the cohort explored and moved around
their designs in AR, the immersive environment al-
lowed for informed levels of abstraction. These en-
compassed relationships of form and spatial qualities
that could be readily experienced by the AR environ-
ment. The significance of these discoveries where
that they indicated an assimilation underlying char-
acteristics of themodel elements being investigated.
The unifying route of investigation parallels the idea
of true abstraction in Arnheims 'productive thinking'
theory.

Finding 4: The AR stages of design exploration:
From metaphoric to metonymic.. The use of AR in
the design journey allows, as discussed in previous
findings of this study, for exploration by abstraction.
The understanding of exploration in the metaphoric
andmetonymic forms have been observed and anal-
ysed for over 50 years. In 1968, Arnheim first con-
sidered the concept of visual reasoning in architec-
tural design. Three decades later, in 1995 and 1999,
Goldschmidt continued these observations into rea-
soning and visual relationships of design elements.
More recently Oxman (2002) continued the enquiry
into design discourse, with research indicating that
domain knowledge can be employed in virtual de-
sign, within the architectural context of design. Ox-
man has established that digital media has made
significant impact on design processes and meth-
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ods of pedagogic discovery. Oxman's latest paper
'The Digital in Architecture' is the culmination of her
research and applies new definitions to theoretical
and methodological structures to the field of digital
methods of design. The current proposition of her
studies is the idea of morphogenesis. This incorpo-
rates both formfinding andparametric design aspart
of the exploratory process of using processes such as
AR in design exploration.

This study observed iterative methods of design
learning and abstraction that work based around the
students using theAR to explore and augment forms,
and adapting elements from previous iterations of
their designs. These gradual analogous relationships
to formabstraction replicate themorphogenesis that
occurs in nature. However, these are more digital in
their development.

Finding 5: Exploration of design using AR: From
analogous connections to functional variation..
The exploration of the building as its component
parts is a route that has been historic in architectural
pedagogy as the process of 'partii'. This process de-
fines the building form as a syntax of elements that
form the whole. The partii is both explicit and im-
plicit in the buildings final form. That is, a completed
building design could be formally analysed and 'de-
constructed' to functional, spatial and structural ele-
ments. The partii not only encompasses all of these
elements but also includes the interrelationship of
these without design conjecture.

The use of AR to generate elements of the par-
tii and abstractmultiple elements to explore relation-
ships of function andaestheticswas also replicated in
the journeys of 79% of those students studied. How-
ever, the remaining21%of the cohort studieddidnot
include this governing principle in their design jour-
ney. This set of journeys contained analysis of the
design thought, abstraction and representation that
occurred in parallel but without any perceivable sin-
gular linear progression. The design partii was con-
ceived simultaneously and processed in a seemingly
complex interactive cognition thatmaywell be inves-
tigated in a future study. These analogous connec-

tions in the abstraction of the learning journey con-
tained the spatial, functional and structural elements.
However, as they were perceived simultaneously, the
design elements were globally conceptualised.

Finding 6: Learning and the acquisition of archi-
tectural syntax.. The research results Indicate that
the use of AR in the learning journey created the
paradigmof increased conviction in design decisions
during iterative abstraction of design ideas. When
questioned in the studio during the study, the co-
hort stated that the use of AR allowed them to under-
stand the design in a clearer andmore accurateman-
ner. The decisions they made during iterative design
changes contained both scale, form and function,
they were not merely sketched ideas, but something
more concrete. Although the iterationswere concep-
tual in abstraction they contained a syntax that was
realworld. The predicted outcomeof these iterations
was therefore to some extent known, giving the co-
hort a high level of knowledge transmission to their
design than approximated outputs in non digital for-
mat, such as sketching.

Figure 8
The impact of AR in
the solution-
exploration cycle of
the learning
journey.
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Finding 7: Conjectures and refutations: The re-e-
mergence of Poppers Method in AR.. The mode of
abstraction that emerged from this study aligns itself
with themethod Popper suggested (1953) in that the
use of AR in the learning journey allowed the cohort
studied to explore their design theorieswhether they
were singular or multiple in nature (ie. Exploration
of a design element such as spatial or structural, or
combinationof these ormore elements), this allowed
them to be tested or exposed to refutation as part of
the generationof ideas from thedesignprocess itself.

However, as conjecture requires a reliance on the
prior concept of knowledge for its intelligibility. As
knowledge is based on the premise that it is an idea
proffered without proof, many iterative steps in the
design journey couldbeconceivedas comprising this
key component. The abstraction that occurs within
the learning journey at various stages (thesewereun-
fixed and varied in occurrence) allowing the cohort
to have prior concept of knowledge within their de-
sign. The iterative abstraction allows conjecture to
become a concrete knowledge of the design at any
particular point in time. The study findings suggests
that for 39% of the cohort expressed that the use of
AR allowed for a series of visual operations in the de-
sign process that did not rely on them fully under-
standing the 'architecture' in precise detail, but allow
for clarification of a design element.

RESULTS & CONCLUSION
Christiaans studied industrial design students with
the study focused on the search for creativity in de-
sign (Christiaans 1992). The research presented in
this paper develops this work with students further,
by extending a similar research methodology into
studies of the architectural studio context and the
learning journeys that occur within.

This study has indicated a simple but influen-
tial system for supporting the existing learning jour-
ney in the architectural studio. Students are allowed
effective exploration of spatial qualities of design
projects undertaken in the studio. The whole is then
greater than the sum of its parts so the investigative

focus is on the exploration of individuals using tech-
nology in settings (Crook 1994). The findings corre-
spondingly indicate a similarmodel to that proposed
byMaher et al, which is based upon a both a problem
and solution space that occupy a 'co-evolution' space
when the cohort use augmented reality to visualise a
design iteration (Maher et al, 1996). These elements
co-exist and efficiently allow a more effective inter-
change in the design process.

Figure 9
The Cradle
Principle: Initial
Loop: Problem
Finding -
Abstraction.

Figure 10
The Cradle
Principle:
Secondary Loop -
Exploration Cycle.

The results indicate that when using augmented
reality in the academic architectural studio context
it becomes a new foundation from which to view
the possible design decisions and from which to ex-
plore new iterations. The use of augmented reality
in facilitating both pedagogic and didactic learning
in the use and application of this exploratory tool
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within the architectural studio. This in-turn enables
the cohort to more effectively explore design pos-
sibilities and the impacts of these design decisions
visually and more coherently. The learning experi-
ence is more located in the exploration arena of the
students learning, the 'what if's' are more effectively
navigated towards adeeperunderstandingof thede-
sign thatwould otherwise be difficult to obtain in the
more traditional methods within the studio. The au-
thor plans to create a template from thismodule that
could be used as shared resource.

Figure 11
The Cradle
Principle:
Synchronic Loop -
Exploration Cycle
using digital tools.

FINAL THOUGHTS: AR IN THE ACADEMIC
STUDIO
It is now understood in academia that the pace of
technology in the learning environment is impact-
ing of the differentiation between digital physicality
and physical digitality. These previously separate do-
mains are now becoming increasing integrated and
the clear lines between the two are now blurred.
There is concern amongst many in architectural stu-
dios within academia that this integration will bring
with them a new era of exploration within studio de-
sign, that of synchronic exploration of building form
using both traditional and increasingly digital meth-
ods.

What was once a dialogue that stemmed from
pen to paper to thought and back to pen, in an

ordered and responsive learning and design jour-
ney. The students within today's architectural studio
can utilise the integrated and immersive approaches
of Building Information Modelling (BIM) and aug-
mented reality (AR). The student still 'models' their
building, its form and spatial expression, however via
digital modelling, an immersive exploration can be
experienced. One that allows the embedded data
and information about space, structure and materi-
als to be synchronically manipulated in a blended
and deeper learning journey. The augmented mod-
els that are used allow for the synergy of both phys-
ical and digital modelling and exploration to occur
seamlessly. This readily accessible and seamless envi-
ronment allows for a greater accuracy and finer levels
of manipulation to be achieved.

There is a newpedagogic classification occurring
when we use BIM and AR modelling in architectural
teaching... that of depth of learning. When using
the BIMmodel, the cohort were able to exploremore
'what if's' in rapid successionwhich enriched the final
learning journey and its pedagogic outcomes. Using
AR the learning was deeper still; the connection with
themodelwas farmore immediate, seeing themodel
in a real world setting seemed to enhance communi-
cation between student to student or student to tu-
tor dialogue. Both perception and interpretations of
the models studied were richer in detail and created
a new critique dynamic.

Modelling is a key tool in architectural studio
teaching, using them allows higher order cognitive
skills to be used by the cohort, such as spatial, plan-
ning and relationship of form. Using AR to explore
the model(s) allows for a critical synthesis of these
cognitive skills, where interactions with the model
create immediate design iterations that move the
student forward through their design journey.

LIMITATIONS
The studywas programmed to evolve over an 8week
duration, with the final results programmed being
captured after this time. The analysis of the findings
thus far from the study data, indicating the value of
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augmented reality as an exploration tool within the
learning journey of an architectural student. There
are high levels of practical value in the findings thus
far, with findings indicating the pedagogic advan-
tages for application of the augmented reality 'tools'
and how the pedagogic interface of augmented re-
ality allows for increased comprehension of design
ideas. In turn how the visualisation allows for intu-
itive and instructive learning to occur. During this
study the availability of free augmented reality soft-
ware increased 240%. The advances in better in-
teroperability will also be a potential future study
as augmented reality systems within the studio may
become ever more feasible and translate into peda-
gogic efficacy.

REFERENCES
Ambrose, MA 2006 'Plan is dead: To BIM or not to BIM,

that is the question', Computing in architecture / re-
thinking the discourse, Proceedings of the Second In-
ternational Conference of the Arab Society for Com-
puter Aided Architectural Design,, Sharjah, United
Arab Emirates

Ambrose, M 2009 'Agent Provocateur—BIM and theDe-
sign Studio: Questioning Roles of Abstraction and
Simulation in Design Education', ACSA Annual Con-
ference: The Value of Design, p. 85

Ambrosini, V and Bowman, C 2001, 'Tacit knowledge:
Some suggestions for operationalization', Journal of
Management Studies, 38, pp. 811-829

Arnheim, R 1988, 'Visual dynamics', American Scientist
(reprinted. In: Swede, G. -Ed.,The Psychology of Art: An
Experimental Approach -1994, Canadian Scholars, 76,
pp. 585-591

Bruner, J 1961, 'The Act of Discovery', Harvard Education
Review, pp. 118-2002

Christiaans, H 1992, Creativity in design, Ph.D. Thesis,
Delft University of Technology

Christiaans, H andVenselaar, K 2005, 'Creativity inDesign
Engineering and the Role of Knowledge: Modelling
the Expert', International Journal of technology and
Design Education, 15(3), pp. 217-236

Clayton, MJ, Ozener, O, Haliburton, J and Farias., F 2010
'Towards Studio 21: Experiments in Design Educa-
tion Using BIM (K. Goosens. and L. Agudelo. -
eds)', SIGraDi 2010Proceedingsof the14thCongressof
the IberoamericanSocietyofDigitalGraphics, Bogota,

Columbia
Crook, C 1994, Computers and the collaborative experi-

ence of learning, Routledge, London
Cross, N 1997, 'Descriptive models of creative design:

application to an example', Design Studies, 18(4), p.
427–455

Cross, N 2001, 'Designerlyways of knowing: designdisci-
pline versus design science', Design Issues, 17(3), pp.
49-55

Cross, N andClayburnCross, A1988, 'Expert designers', in
Frankenburger, E, Badke- Schaub, P and Birkhofer, H
(eds) 1988, Designers—the key to successful product
development, Springer Verlag, London, UK

Decker, M 2013, 'New Materials Compositions', in
Rashida, N and Patel, S (eds) 2013, Performative Ma-
terials in Architecture andDesign, Intellect, University
of Chicago Press, Chicago

Dorst, K 1997, Describing Design: A Comparison of
Paradigms, Ph.D. Thesis, Delft University of Technol-
ogy

Dorst, K 2002, 'Design and use as plans: an action theo-
rectical account', Design Studies, 23(3), pp. 303-320

Dorst, K 2011, 'The Core of Design Thinking and its appli-
cation', Design Studies, 32(6), pp. 521-532

Eastman, CM 1969 'Cognitive Processes and Ill-defined
Problems: a case study from design', International
Joint Conference on Artificial Intelligence, Washing-
ton, DC

Eastman, CM 1970, 'On the Analysis of Intuitive Design
Processes', in Moore, GT (eds) 1970, Emerging Meth-
ods in Environmental Design and Planning, MIT Press,
Cambridge, Ma

Goldman, G 2012, 'Digital Media and the Beginning
Designer', IEEE Computer Graphics and Application,
32(2-March/April ), p. 14–21

Goldschmidt, G 2006, 'Variances in the impact of visual
stimuli ondesignproblemsolvingperformance',De-
sign Studies, 27(5), pp. 954-569

Goldschmidt, G and Weil, M 1998, 'Contents and Struc-
ture of Design Reasoning', Design Studies, 16(2), pp.
189-210

Ibrahim, R and Pour Rahimian, F 2010, 'Comparison of
CAD and manual sketching tools for teaching archi-
tectural design', Automation in Construction, 19(8)

Krawczyk, H, Canetti, R and Bellare, M 1998 'A modular
approach to the design and analysis of authentica-
tion and key exchange protocols', 13th Annual ACM
Symposium on Theory Computing

Maher, ML, Poon, J and Boulanger, S 1996, 'Formalis-
ing design exploration as co-evolution: a combined
gene approach', in surname missing, initials miss-

CAAD Education - Volume 1 - eCAADe 32 | 355



ing (eds) 1996,Advances in formaldesignmethods for
CAD, Chapman and Hall, London, UK, pp. 3-30

Mantovani, F 2001, 'VRLearning: Potential and Chal-
lenges for the Use of 3D Environments in Education
and Training', in Giuseppe, R and Carlo, G (eds) 2001,
Towards CyberPsychology: Mind, Cognitions and Soci-
ety in the Internet Age, IOS Press, Amsterdam

Oxman, R 2006, 'Theory and Design in the First Digital
Age', Design Studies, 27(3), pp. 229-265

Pasquarelli, G 2013 'Closing Keynote', ACSA 101: New
Constellations/New Ecologies, Annual Conference
(https://vimeo.com/63902910), San Francisco, CA

Piaget, J 1970/1977/1979, Psychology and epistemology,
Harmondsworth: Penguin

Popper, K 1953, 'Prediction and Prophecy in the So-
cialSciences in . 2nded. NY: Harper & Row, [1948]
1965a, pp. 336-46.', in no editors given 1953, Conjec-
tures and Refutations -2nsd Ed., Harper & Row, New
York, pp. 336-46

Roussos, M, Johnson, A, Moher, T, Leigh, J, Vasilakis, C
and Barnes, C 1999, 'Learning and Building Together
in an Immersive Virtual World', PRESENCE, 8(3), pp.
247-263

Schon, DA 1983, The reflective practitioner: how profes-
sionals think in action, Basic Books, New York

Shelton, B and Hedley, N 2004, 'Exploring a cognitive ba-
sis for learning spatial relationshipswith augmented
reality',UtahStateUniversity, OldCity Publishing, 1(4),
pp. 323-357

Visser, W 1995, 'Use of episodic knowledge and infor-
mation in design problem thinking', Interacting with
Computers, 6(3), pp. 235-274

Winn, W 1993, A Conceptual Basis for Educational Ap-
plications of Virtual Reality, Technical Report TR 93-
9, http://www.hitl.washington.edu/publications/r-
93-9/

Zarzycki, A 2009 'Dynamics-based Tools: An Unusual
Path to Design Integration', Asia Proceedings, Yoko-
hama, Japan

356 | eCAADe 32 - CAAD Education - Volume 1


