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The Protocol Analysis of the design process is a very recent and very promising
research field. It is believed that good application-oriented developments are
possible mainly in the tutorial field (ITS). The research conducted up to now has
primarily dealt with the study of the design process. On the contrary, we propose
an investigation experiment on the knowledge structures relative to the use of the
episodic memory in the architectural design. The proposed experiment concerns
the monitoring of the cognitive processes utilised by tutors and students in a brief,
but yet complete design session. The results have lead to a synthetic model
(computational model) of the adopted knowledge structures, and to a complete
index system oriented and organised according to semantic fields. The application
of the synthetic model to the design process analysis of students and tutors enabled
the definition of the different utilisation strategies of episodic memory to be defined.
The results obtained will make up the structure of a tutorial program for the
architectural design.
Keywords: Intelligent Tutoring Systems (ITSs), Architectural Design
Education, Case Based Reasoning, Protocol Analisys, Design Cognition

Introduction
The performed study deals with an architectural
design protocol analysis experience intended to
observe the cognitive processes utilised by expert
designers during architectural design operations.
The studies conducted up to now have uniquely
been intended to comprehend and formalise the
microcognitive strategies utilised in the design
operations. At difference with these studies, in this
experiment the results have directly been aimed at
the preparation of a case-based pedagogical model
of the architectural design teaching.
The intent is here to extend, in the ambit of the
architectural design teaching, the experience begun
by Roger Schank with the Case-Based Teaching. This
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was done by structuring the tutorial software on the
base of a cognitively founded model.

Protocol analysis and architectural
design: some compared examples
John Gero published in 1998 an important experiment
on project protocol analysis with a primarily
methodological purpose: An approach to the analysis
of design protocols. His work was based on the
transcription of designers’ verbalisation applying the
‘Think aloud’ method, and the subsequent process
subdivision into microscopic cognitive actions
(microstrategies). These were then given a context
within
more
wide-ranging
strategies
(macrostrategies). The more interesting part of the

work was the codification of strategies and their
arrangement in organised sets allowing objective
representations of the process through the statistical
analyses of frequency. Our research used this work
by J. Gero as a starting point; we thought that a similar
set of codes, if worked out as domain-dependent,
could become an indexing system for cognitivelyoriented architectural objects and could therefore be
used in a tutoring environment. The idea of a data
base containing architectural cases cognitively
indexed with reference to the project objectives
(issues) has been launched by Rivka Oxman. The
Israeli author was the first to introduce the ICF
formalism (Issue, Case, Form); a model of knowledge
structures aiming at the creation of cognitively-oriented
design assistance systems. One limit of this formalism
is that it has never been experimented with protocols.
We did so and made some changes and added some
elements during the analysis. Our study organises the
index system in semantic fields and concepts
according to a hierarchical structure, thus partially
recalling the classification in Information Category and
Subclasses of M.Suwa and B.Tversky. It is not a
coincidence that these are both experiments aiming
at training non-expert designers with a software-tool.
As for the segmentation of the project process in
primitive actions is concerned, another work closely
linked to ours is the most recent experiment by J.
Gero, M. Suwa, and T. Purcell: Macroscopic Analysis
of Design Processes Based on a Scheme for Coding
Designers’ Cognitive Actions. In this work, as in Gero’s
one mentioned above and in other significant
experiences of protocol analysis, among which G.
Goldschmidt’s work deserves attention, the method
of segmentation is based on the semantic structure
of reasoning. In our case, on the contrary, the segment
is linked to the evidence of the semantic contents
being analysed. Moreover, where the purpose of
analysis is inside the project process, physical and
cognitive actions are considered parts of the same
process, while in our case only the latter have been
taken into account.

Generally speaking, one could say that until today
the examples of protocol analysis aimed at the
formalisation of the project process, while our work
focused mainly on the study of the knowledge
structures used during the project. These basically
different objects necessarily entails some differences
in the protocol organisation and structure of the code
system.

Double level of analysis
The experiment was conducted during a weeklong
design stage held in Serra San Quirico, in the Marches
hinterland, Italy.
Senior architecture and engineering students took
part in this experience lead by expert designers.
Time limitation imposed to the participants by the
organising management enabled us to analyse an
entire architectural design process, with comparatively
reduced video recording and de-recording times.
Moreover, the designers’ didactic role during the stage
forced the designers to a clear verbal elucidation of
the cognitive passages relative to the design choices
adopted. This allowed us to apply an analysis method
based on the “thinking aloud” de-recording.
The dialogue de-recording was followed by the
dialogue segmentation into microstrategy sequences:
cognitive actions, generally some seconds long,
placed in the ambit of a precise semantic field ;
semantic field has been organized according to a
semiotic perspective.
Starting from the analytic base developed in this
first part of the study, a selection has been performed
of the design segments relative to the designer’s
recalling of architectural cases.
In this phase of the study, the isolated and
previously codified segments have undergone a
synthetic interpretation. The latter is aimed at the
reconstruction of a model of the mnemonic procedures
used during the design process in relation to the
different issues and development phases of the
design. The reconstruction of the process cognitive
traces was achieved also by means of a careful
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examination of the designer’s graphics: sketches and
drawings.

•
•

Architectural domain modelling
hypothesis

According to the Israeli scholar, the issue can be
synthesised by means of a unique key concept.
Conversely, according to our meaning, the issue is
the representation of a design problem in its extensive
aspects. In fact, our experiments have shown that
many design objectives cannot be represented by
means of a unique concept, but rather as a set of
concepts belonging to semantic fields sometimes very
far apart one form the other.
In our proposed model, the Issues are therefore
formulated in an extensive way and from them some
important concepts are singled out and utilised as
research keys within the case basis called issueconcept.

The synthetic trace of the project has been formulated
utilising a knowledge structure model organised into
Issues, Concepts, Media and Cases. This model was
developed by our research group extending and
partially modifying the ICF (Issue, Concept, Form)
formalism proposed by Rivka Oxman.

Issue
When the design is considered as a problem-solving
process, the issue is a design problem to be solved.
In Rivka Oxman’s formalism, issues are conceived
as programmatic design objectives that are to be
achieved at the final stage of the job. Their origin can
be:
•

Established during the design specifications
definition phase.

Part of the problems specific to the domain.
Established by the designer himself.

Concept
Within our model, the category called concept
indicates a concept capable of illustrating an important
character of a piece of architecture.
A concept can be utilised as a research key within
the case basis, but it can also be directly connected

Figure 1 (left). The table
shows part of the protocol
used in the analysis carried
out during the experiment:
microscopic analysis
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to the solution principle singled out from the case as
the solution to the formulated problem.
The set of concepts derives from the microscopic
reading conducted in the former part of the study.
These concepts are organised within semantically
similar families: the Semantic Fields.
In the model proposed, a distinction has been
made between Semantics and Pragmatics. Semantics
refers to all the possibilities of conceptualisation of
the architectural domain, Pragmatics refers to the
usage of these possibilities. This distinction is
particularly evident in the ambit of the concept
category: the concepts used as research keys on the
case basis are defined as issue concepts, whereas
the concepts are used as solutions to the proposed
problem are defined as solution concepts.

Case
By Case we mean an episode of architecture
cognitively recalled as a solution to a precise design
problem. It corresponds to the precedent category in
Rivka Oxman’s ICF model.

Media
The media concept belongs to the computational
model and embodies all the memory files capable of
illustrating one or more concepts relevant to the case
description. Thus, Media themselves are nonstructured acquired knowledge; Concepts and
semantic Fields project a structure onto them.

Form
Thus, every case is decomposed into a series of
important aspects conceptually represented by the
Concept category. In its turn, every Concept is
concretely represented by a formal case component;
let us define this formal component as Form. Thus,
the Form concept exactly coincides with the one
utilised in the ambit of Rivka Oxman’s formalism. From
a computational point of view, the existing relationship
between the Media concept and the Form concept
can be well represented by a graphics file – for
example a CAD drawing – containing all the aspects

and formal components of a case. Every formal
component can be placed on a distinct layer and
utilised within the design file. From a computational
point of view, this operation corresponds to the
cognitive operation of partial utilisation of a memory
case. In fact, in many cases only one of the important
representable case aspects turns out to be useful, in
order to solve a precise design problem.

Example
The issue no. 1 of the experiment conduced as Serra
San Quirico illustrates an objective that cannot be
completely synthesised by means of a unique concept,
because it comprises three different problems to be
solved using a unique formal solution. In this case,
the following is the programmatic objective (identified
by means of the protocol analysis): To formally shape
an area having a significative slope variation in two
directions (counterslope), characterised by a visual
orientation toward the Serra San Quirico gate, taking
into account that the gate represents the uphill
entrance to the village and that therefore it must
appear as a permeable system. Starting from this
complex objective, the following are the concepts that
can be singled out as keys to the research within the
case basis, and consequently belonging to the
concept category in the knowledge model:
•
•

•

Permeable system
View on the village gate, which can be
synthesised by means of the more general
concept aimed view
Counterslope

Once the design objective has been formulated
(and is synthetically representable through these three
key concepts) the designer calls to his mind an
episode of architecture that satisfies this complex
objective by means of its formal configuration: the
“Teatrino di Salemi” (Salemi small theatre) by
Francesco Venezia. The recalled episode of
architecture is actually characterised by a complex
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Figure 2 (left). Example of
a synthetic track:
macroscopic analysis

orographic setting featuring a marked counterslope,
the terraces’ view is decidedly aimed at the scene,
whereas the whole piece of architecture is defined by
a double system of walls within which a set of paths
winds (permeable character). Thus, the Salemi small
theatre is part of the Cases category.
From the case called to the designer’s mind, the
solution featuring terraces aimed at the village gate
and the double system of walls (within which a set of
paths winds) are singled out. Thus, we have two
important concepts for the description of the memory
case, which therefore are part of the Concept
category:
•
•
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Double system of walls
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According to the pragmatic view, both the
“terraces” concept and the “double system of walls”
concept can be defined as solution-concepts. Before
being solution concepts, they are recalled concepts,
inferences, they did not exist in the project before.
Within the original case, a Form corresponds to each
of the solution concepts singled out. This Form, in its
most schematic representation, is utilised within the
project as a solution to the theme proposed. The final
formal solution is the result of the adaptation of these
forms to the current design situation.

A comparison between novices and
experts
The model described above has been used for the

Figure 3 (right). Partial
example of the system of
indexes organised in
directories
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monitoring of the design activity of tutors and students.
Comparing the different tracks led to some significant
conclusions about the use of episodic memory in
architectural design. First of all it has been
demonstrated that novices use as their research keys
inside the case base only concepts belonging to formal
semantic fields or anyway concerning the Expression
Level. Experts, on the other hand, often use semantic
fields concerning Contents Level. This is however a
proof of the advantage of introducing the category of
semantic field and of organising concepts from a
semiotic point of view. The study also seems to show
that experts, unlike novices often use multiple
research keys and make inferences based not only
on analogy but also on oppositions, for instance. There
are also remarkable differences when the solution
‘case’ is found. Experts seem to have a simple but
effective instrument to verify that the solution is the
proper one: they recall at least another case to which
the same solution was applied. Students instead seem
disoriented while considering the case mentioned as
a solution.

Tutoring strategies: future work
The compared analysis of the tracks of novices and
experts suggests some possible tutoring paths. The
first one is based on the paradigm of learning through
reflection; it consists in eliciting various behaviour
patterns of tutors and students. In this case learning
is obtained by comparing different patterns and
through the students’ reflection about them.
The second possible strategy concerns
diagnostics: the proposed pattern allows the
recognition in the cognitive behaviour of students of
lacking knowledge and failures in the use of some
strategies or more simply of some semantic fields. In
an ITS environment students could be then stimulated
to use some strategies and groups of concepts that
they normally do not use to solve design problems. A
further suggestion emerging from the experience done
could be the use of multiple research keys, by
associating, for example, Content concepts to
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Expression concepts. Finally, we noticed that experts
often recall more than one case to confirm the
correctness of the solution found. In a tutoring system
based on cases this can be a simple but effective
strategy to evaluate the students’ progress.

Summary and conclusion
Protocol analysis of architectural design is a research
sector extremely rich in opportunities for the
implementation of tutoring systems. The experiments
described so far demonstrate that the compared
monitoring of novices and experts while they are
designing can become a very useful instrument to:
•
•

build computational models of knowledge
structures
identify tutoring strategies to be applied in ITS
environments.

The experiment done allowed the construction of
a model of the knowledge structures used when
recalling cases (episodic memory), as well as the
formulation of a cognitively-organised index system.
The compared analysis of novices and experts finally
led to develop some tutoring strategies. All the results
presented here can be implemented in a cognitivelyoriented tutoring system to teach architectural design.
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