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Abstract
Although the Studio course serves as the core learning environment of
Architectural education, there is no clear understanding how
architectural knowledge is gained and can be assessed for the purpose
of further improvement. This paper suggests a model for examining
'Telos' ('learning direction') in Architectural Education. The 'Telos' is
structured by Knowledge Construction Actions (KCA) units that
represent the learner's decisions that were brought to the learning
session, or what is termed "Crit". These assumptions were tested in the
physical domain of an Immersive Virtual Environment (IVE) that
provides the learners a virtual 'presence' of their design in full-scale
view, which, to the author's claim, contribute in promoting students'
comprehension. Once defined, KCA can be assessed and provide the
'Telos' structure thus serve as a basis for assessing student's progress
and contribute to learning environment's improvement. IVE was
provided in a classroom equipped with a 2.4 x 7.0 m screen with a 75°
edge-free field of view and body movement tracking cameras. The
research observed a Studio Course that used IVE and the Studio class.
Crits were followed by means of observations, recordings and
documentations. Results revealed IVE provided high KCA activity,
and contributed to students' skill improvement.
Key words: Immersion, Design education, Learning process,
Constructivism, Design process

Introduction
Design Education is currently based on the connection between social environment
and design activity (de la Harpe et al, 2009; Goldschmidt, 2002; Ochsner, 2000; Oh et
al., 2013; Schön, 1987). This model has to overcome communication difficulties, as
well as bridging the limitations of the representation tools in use (Goldschmidt, 1991(b);
Kalay, 2004, 2006; Oxman, 1999, Oxman, 2008; Purcell and Gero, 1998; Schön and
Wiggins, 1992; Suwa and Tversky, 1997; Reffat 2002; Zeisel, 2006). This study adds
the physical settings of the learning environment to this model. Figure 1 demonstrates
this approach and objective by defining the Architectural Learning 'Telos' as a situated
active process that stands in direct and inseparable relation to its components.
The author was greatly inspired by the definition of the Constructivist learning 'Telos'
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(“learning direction”) (Lave, 1996), that defines knowledge as an active process,
personally constructed in direct relation to his social learning environment. This
environment, known as the learner’s “Community of Practice” (CP) (Lave & Wegner,
1991) encourages diverse learning directions. Architectural education also supports
these principles, by offering the students a shared learning model at the Studio
classroom. This research depicts the Architectural 'Telos' that was created in the
physical domain of an Immersive Virtual Environment (IVE) and the traditional Studio,
showing the impact of the learning environment on the learning process.

Figure 1. Learning Telos.
IVE's settings correspond with Slater et al.'s definition for IVE (1995) by providing a
virtual 'walk' at the design product in real-scale and embodied perception. Since the
architectural product is perceived solely post its construction, the design process
occurs over scaled and mostly static representation. However, built environments
surround the user and are dynamically perceived by all of the senses. Yet, in a course
of Architectural Education, since the student's project is never realized, his spatial
perception and thus, knowledge acquisition are limited. This study claims that IVE has
potential to overcome this limitation by affording students virtual "presence" in their
non-built environments, and thus offering them a richer experience and understanding
of their design products.

Methodology
The research aims for a definition of the Architectural Learning 'Telos' as a situated
process, hence, suggests a 'Telos' approach that is structured by units of Knowledge
Construction Actions (KCA) (Sopher, 2015). Each KCA unit has its own pattern of
action (Figure 2) and data arriving from the three domains: (a) The physical settings;
(b) The social environment; (c) Design activity. Crit sessions serve as the encounter
points for the 'Telos' domains. Settings contain all physical conditions, such as physical
classroom conditions, representation tools and observation mode used during the crit.
The Social Domain contains all participants'' remarks. Design Activity contains
student's perceptual and reasoning capacities.
The pattern of Actions was defined in two categories: (a) Strategic actions - in which a
change occurs in the theory in use (Argiris and Schön, 1978 in Chatti, 2013); (b)
Methodic actions - in which the designed form is reshaped, including: shift, connection,
integration and reaction.
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Figure 2. KCA Pattern
The research adapted Dreyfus & Dreyfus (1980) scale of skill acquisition relating to the
student's perception of changes expressed in the learner's design product. The skill
level was determined by the student's ability to recognize similarities and saliences in
his design.
Case Study
The research observed a novel Studio course in the Faculty of Architecture and Town
Planning at the Technion, Israel, instructed by professor Fisher-Gewirtzman that used
IVE as part of their educational environment (Figures 3, 4). Crit sessions were
alternately held at the Studio and the Visualization laboratory’s IVE (VisLab). Four
design projects were followed by means of observations, recordings and
documentations of the design products presented at each crit session. Protocol and
Design analysis were used for retrieving students' KCA patterns. These patterns were
assessed quantitatively determining their frequency during the course.

Figure 3. Studio crit.

Figure 4. IVE crit

Interviews provided feedback of the participants' impressions and personal experience
of the course structure and IVE.

Results
KCA Patterns
Each project's frequency of KCA patterns was viewed according to their appearance in
the learning environment (figure 5, Table 3.1). KCA assessment provided a higher
elaboration of KCA patterns by students who were using IVE Crit. The highest KCA
methodic pattern-'Reaction' frequency was achieved after IVE crits, reflecting this
environment's significant affordance in providing feedback and stimulation to the
student.
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Figure 5. KCA frequency in the learning environment
Table 3.1. Idea manipulation KCA frequency within learning environment
KCA
IVE
Personal
Studio
Shift
33.33%
33.33%
33.33%
Reaction
66.07%
5.35%
28.57%
Connection
25%
50%
25%
Integration
83.33%
0%
16.66%
Skill Levels
Results in figure 6 show that in most cases, an increase in the skill level occurred
following the VisLab crit.

Figure 6. Skill acquisition levels

Conclusions
A significant and innovative conclusion arising from this research suggests KCA unit as
a methodical framework for the examination of the learning 'Telos'. The theoretical and
methodological design of this research enabled understanding the process and
structure of Architectural knowledge acquisition as a situated activity, that can be
assessed and contribute to a more accurate creation of an Architectural curriculum.
Although this research was performed on a small scale, it nevertheless provides
positive evidence that IVE enhances diverse architectural learning 'Telos', by
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strengthening knowledge acquisition in providing improved feedback, reflective thinking
opportunities and peer involvement.
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