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45. Models in Architectural Design

Pieter Pauwels

At one time, architects and construction special-
ists used to rely mainly on sketches and physical
models as representations of their own cognitive
design models. Today, they rely increasingly on
computer models including parametric models,
generative models, as-built models, building in-
formation models (BIM), and so forth. Of course,
processes of abstraction and the actual architec-
tural model-based reasoning itself remain in the
mind of the practitioner who is in control of the
design and construction process. However, this
whole new array of alternative computer-based
representation models has profoundly affected
decision-making in architectural design and con-
struction. In this chapter, a brief overview is first
given of the state-of-the-art in design think-
ing research. Following this, an outline is given
of how diverse data models, such as BIM and
parametric models, are currently used in archi-
tectural design and construction. An indication
is then given of how these models relate to the
in-mind model-based reasoning on which archi-
tectural designers and construction experts rely in
decision-making and creative thinking. This out-
line will not only review well-known theories of
design thinking and architectural design practice,
it will also integrate ongoing theoretical research
about analogical reasoning and about abductive,
deductive, and inductive reasoning.
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The word model is ubiquitous in the current practice
of architectural design and construction.Whereas archi-
tects and construction specialists used to rely mainly on
sketches and physical models as representations of their
own cognitive design models, now they rely more and
more on computer models (or computer representations
of their cognitive design models). Parametric models,
generative models, as-built models, BIM, and so forth,

are used day in and day out by any architectural design
and construction practitioner. Although processes of ab-
straction and the actual architectural model-based rea-
soning itself still occur in the mind of the practitioner,
who is in control of the design and construction process,
of course, this whole new array of alternative computer-
based representation models has its impact on decision-
making in architectural design and construction.
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45.1 Architectural Design Thinking

Understanding how designers think has been the goal
of many research initiatives during previous decades.
Several relevant overviews are available that describe
the evolution of these research initiatives and their out-
comes [45.1–3], therefore we will not elaborate here
in extensive detail. With the emerging interpretation
in the 1970s of the design process as a process in
which wicked problems [45.4, 5] or ill-structured prob-
lems [45.6] are to be re-solved, over and over again,
design is now more and more considered as a practice
or a discipline in its own right, rather than a science that
can be addressed using a rigid methodological approach
(see for example [45.7, p. 11]).

45.1.1 The Architectural Designer
as a Practitioner

The basis of this interpretation relies heavily on the the-
ories by Cross [45.8], Lawson [45.9], Schön [45.10],
and Simon [45.11]. These theories typically acknowl-
edge the complexity of the design process and the role
of design thinking within this process. An architectural
design situation is not necessarily considered as a de-
sign problem that is defined by a well-structured set of
constraints, and in which a number of adjustable pa-
rameters is available. Instead, a design situation in these
theories is typically understood as a snap-shot, in terms
of time, in the overall design process, in which a limited
number of constraints and parameters are taken into ac-
count and adjusted by a designer, in order to satisfice
the design situation, as interpreted at that moment, into
an alternative and new design situation. The term satis-
ficing refers to the attitude of architectural designers to
sufficiently, instead of entirely, satisfy constraints (see
also [45.6] and [45.12, p. 224]). In terms of optimiza-
tion approaches to design, it is typically indicated that
designers look for suboptimal (but satisfactory) solu-
tions rather then for the most optimal solutions.

In the theories following the above understand-
ing, a key role is typically taken by the designer as
a decision-maker. Designers are considered to be reflec-
tive practitioners [45.10]. Schön hereby refers to archi-
tectural designers, baseball pitchers, and musicians as
example practitioners [45.10, pp. 54–55]. These practi-
tioners continuously decide which constraints they wish
or do not wish to adhere to, and which parameters
they wish to use in what way. In contrast to the earlier
belief of designers having a problem-focused strategy,
they are now believed to have a more solution-focused
or goal-oriented strategy instead [45.11, 12]. They pro-
ceed forward through the design process, continuously
facing new design situations and addressing them as

they see fit in order to obtain the goal they have in mind
at that specific moment in time. After addressing these
design situations, the goal and the architectural knowl-
edge (that were used to rely on) are typically adjusted
based on the “back-talk of the design situation” or “sit-
uational feedback” [45.10]. Continuously taking action
on design situations results in a co-evolution of prob-
lem space and solution space (see Fig. 45.1 and [45.13,
14]). In other words, architectural designers learn while
doing, not only about the design situation at hand, but
also about architecture and design in general.

Two key features of the prevalent current under-
standing of the design process can be distinguished in
the above paragraphs:

1. An intensive interaction exists between designer
and design context, thereby resulting in a stepwise
proceeding through the design process.

2. Design thinking has an important reflective,
learning-while-doing character [45.10], enabling
designers to learn from experience.

We provide a simple schematic image of this in-
terpretation of the (architectural) design process in
Fig. 45.2. It indicates how a designer forms a mental
model from an observation of the external world or de-
sign situation, and uses this mental model to devise an
appropriate action for altering the design situation into
a new one that can ideally be considered more optimal
than the previous one.

45.1.2 Where Are the Models in all This?

The title of this chapter suggests that models are key to
the above outlined features of the interaction between
designers and design situations. Although the above
paragraphs did not contain the word model too abun-
dantly, it is present in all stages of the design process,
in each step taken by designers in the direction of a fi-
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nal (satisficing) design situation (not solution). In each
interaction, namely, architectural designers rely on their
background knowledge in making the appropriate deci-
sions. This background memory is central to the above
design process. After each decision, feedback or situa-
tional backtalk is returned to the designers by the design
situations with which they interacted [45.10] (see also
the oil painting example given by Simon [45.11, p.
163]). As this situational backtalk is interpreted by the
designers, it also reshapes the background knowledge
of these designers.

In learning-while-doing, designers build up knowl-
edge in direct reference to concrete experiences. This
knowledge might be related to “a designerly way of
knowing” [45.8, 15], which was originally put forward
by Archer in 1979 [45.16, p. 348]. On the basis of this
kind of knowledge, designers make design decisions in
newly encountered design contexts. Through their on-
going interaction with new design contexts, designers
continuously modify or adjust their designerly way of
knowing. Obviously, these adjustments have a signifi-
cant effect on future design decisions.

It is important here to consider the stepwise evolu-
tion of the design process. As each step in the design
process (or each consecutive design situation) can be
considered a snapshot, the evolutions in design knowl-
edge of the designer can also be considered in a step-
wise manner. Each step in the evolution of someone’s
design knowledge can hereby be considered a design
model. This idea follows the theory by Schön about the
architectural designer as a reflective practitioner, con-
tinuously interacting with the surrounding context and
being affected by the backtalk of that surrounding con-
text [45.10]. As explained here, Schön also indicates
that design thinking depends on the repertoire or knowl-
edge and experience of the designer. So, the context and
background of designers play a key role in all steps of
the decision-making processes of those designers. This
idea also explains the notion of co-evolution in design
problem and design solution [45.13, 14], assuming that
the design problem can be considered the same as the
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Fig. 45.2 Schematic outline of the steps (observation – in-
terpretation – action) that are taken by designers during the
interaction with an external design situation

current design situation, and that the design solution
can be considered the same as the internal interpreta-
tion or model of the design situation in the designer’s
mind (Fig. 45.3).

The changing background knowledge of the de-
signer has been discussed at length by Lawson [45.9,
p. 159]. He uses the term guiding principles. These
guiding principles can be understood as the personal
background knowledge or the knowledge by experience
of a designer. They consist of familiar design patterns
that a designer relies upon throughout the design think-
ing process. A designer thus never starts a design from
an empty page, never from scratch or a blank mind.
Instead, a designer always relies on a lifetime of knowl-
edge built up by experiences. It is documented in [45.9,
p. 179] how these guiding principles, in combination
with a mental model of the situation at hand, essentially
guide practitioners (including designers) through their
thinking process. They play an important role not only
in framing the design situation, but also in generating
solutions for a problem, devising experiments, and in
learning from experiences.

According to Lawson [45.9, p. 159], these guiding
principles include not just objective, factual informa-
tion, but include much more information, involving,
for instance, motivations, beliefs, values, and attitudes.
Guiding principles may be very intense and clearly
structured or, on the other hand, vague and unclear,
but they always influence design decisions one way
or another. These characteristics of guiding principles
can be related to the tacit dimension suggested by
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Fig. 45.3 Schematic outline of the co-evolution of the mental
model of a design situation and the external design situation
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Polanyi [45.17, 18], who states that some knowledge
cannot be formalized and is essentially experience-
based, vague, and thus tacit. In some research initia-
tives, guiding principles are almost considered part of
a personal religion, thereby implicitly redefining design
as “a very complicated act of faith” [45.19, p. 3]. This
refers to the sometimes profound intensity of the de-
signer’s belief in personal guiding principles, making it
morally right to follow them. It is similarly indicated by
Ward [45.20] how imagination relies almost entirely on
known concepts, and, although modifications are made,
they are typically only constituted by different combi-
nations of known elements. It is hard to entirely step
outside one’s own categories and beliefs, also in imag-
ining [45.20].

It is very unclear in what form guiding principles are
stored in the mind of a designer. What is clear though,
is that this background information serves as a kind of
repertoire of reference models for the designer to con-
tinuously and actively reorganize and restructure new
design situations in memory into new abstract mental
models or understandings of those design situations. In
this context, references can be made to the work on
case-based reasoning (CBR) [45.21–23], in the sense
that the concept of CBR captures the idea of matching
new cases with previously encountered cases in order to
appropriately act upon them (Fig. 45.4).

45.1.3 Abstraction, Sense-Making,
and Framing into Mental Models

From the previous sections, we now see that there
should be some mechanism or phenomenon that allows
architectural designers to link incoming design situa-
tions to their available repertoire of reference models
(their experiential background information) so that they
can obtain an abstract in-mind interpretation of those
design situations. Basically, this is a moment of inter-
pretation or abstraction. It occurs when a designer is
sketching and all of a sudden gains an insight in the
form of recognizing a part of the sketch as something
he has seen before in an alternative context. It occurs
when an architectural designer is visiting architectural
building sites in order to find inspiration for the is-
sues he is struggling with in the design he is working
on. It occurs when the architectural designer communi-
cates his latest design to a client or to any related or
unrelated third party and gets insight from the feed-
back he receives through simple conversation. While
doing each of these things, the architectural designer
appears to interpret or make abstraction of the incom-
ing information, after which he relates it in his mind to
what he has experienced before. Previously used names
for this phenomenon are retrieval (in the context of
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Fig. 45.4 Schematic outline of the case-based reasoning
(CBR) process (after [45.21–23])

CBR – Fig. 45.4), sense-making and problem framing/
setting [45.10, 24–27].

In [45.10, 26], for instance, design thinking is char-
acterized as a specific kind of problem solving, in which
the designer “must make sense of an uncertain situation
that initially makes no sense”. Making sense of the situ-
ation then happens by switching back and forth between
problem and solution, while continuously reframing
both. Schön [45.10, pp. 39–40] refers to problem set-
ting as:

“the process by which we define the decision to be
made, the ends to be achieved, the means which
may be chosen. In real-world practice, problems
do not present themselves to the practitioner as gi-
vens. They must be constructed from the materials
of problematic situations which are puzzling, trou-
bling, and uncertain.”

In architecture, this often happens in the interaction
between the client and the architect. This interaction
usually starts with a client having an impression of what
he wants to achieve, and an architect who does not have
a clue of the client’s desires and needs. Often, these de-
sires and needs are conflicting or do not seem to make
sense. But, through the continuous feedback that the ar-
chitect receives from the client, this design brief gets
an increasingly clear structure in the designer’s mind.
The architect thus sets the problem (how many floors
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are requested in the building, who will be accessing
and using the building, and so forth) through interaction
with his surroundings. Initially, these surroundings are
constituted by the feedback of the client, but later on,
they will be formed by the sketch on his paper, visits to
the building site, conversations with third parties, and
so forth. One might say that the problem and solution
are continuously reframed, resulting in a co-evolution
of problem and solution. One might also say that the
design situation is evolving step-by-step by the impact
of an architect who decides based on his background
knowledge and the context he is working in.

It is made clear by Schön [45.10] just how impor-
tant the element of reframing the design situation is in
his documentation of the differences between problem
solving in a rational world and problem solving in the
real world [45.10, p. 40]:

“When we set the problem, we select what we will
treat as the things of the situation, we set the bound-
aries of our attention to it, and we impose upon it
a coherence which allows us to say what is wrong
and in what directions the situation needs to be
changed. Problem setting is a process in which, in-
teractively, we name the things to which we will
attend and frame the context in which we will at-
tend to them.”

In an architectural design situation, this occurs, for
example, in the form of an architectural designer decid-
ing at some point to look at the structural design in that
particular design session, and leave out considerations
in terms of energy or user comfort. In the following ses-
sions, he might focus on material use, or user access, or
something entirely else. But in each session, only one
frame of the entire design situation is considered.

What is probably the most interesting moment in
this reframing process, is the point where a solution is
considered satisfactory enough and ready to be put into
practice. This moment resembles the moment in which
the well-known flash of insight occurs. This moment
is described by [45.27] as the moment in which the
two oscillating points, problem and solution, are still
and close enough to be bridged by an apposite con-
cept [45.27, pp. 439–440]:

“The crucial factor [. . . ] is the bridging of these
two partial models by the articulation of an appo-
site concept [. . . ] which enables the models to be
mapped onto each other. The creative leap is not
so much a leap across the chasm between analysis
and synthesis, as the throwing of a bridge across
the chasm between problem and solution. Such
an apposite bridge concept recognizably embodies
satisfactory relationships between problem and so-

lution. It is the recognition of a satisfactory bridging
concept that provides the illumination of the cre-
ative flash of insight.”

The term apposite makes an intended reference
to the notion of appositional reasoning, which was
originally coined by Bogen [45.28] and which is con-
sidered similar or the same as abductive reasoning by
Cross [45.29].

Suppose that our architectural designer is still fo-
cusing on the structural load-bearing capacities of
a building (cfr. framing of the situation). This architect
might successfully relate the current design situation
with a situation he encountered before and conse-
quently decide to apply a similar structural design (for
example, steel columns for load-bearing instead of con-
crete columns or brick walls), because the features of
this structural design choice not only address issues
in the overall building structure, they also appear to
geniously address many other issues in terms of light
penetration in the building, accessibility, fire safety, and
so forth. This train of thought involves a bridge between
an unsure problem and an unsure solution by an appo-
site concept.

45.1.4 Accessing Background Knowledge
Through Analogical Reasoning?

The above distinguished apposite bridge between cur-
rent design situation and the designer’s background
knowledge is often addressed and investigated as
a kind of analogical reasoning or CBR (see for in-
stance [45.30–33]). Analogical reasoning is hereby ex-
plained as the cognitive ability to think about relational
patterns [45.34–37], which allows one to find a struc-
tural alignment or mapping between a base and a target
pattern residing in (partially) different domains [45.34,
37–40]. During design practice, architectural designers
thus continuously make alignments between the cur-
rent design situation (the base pattern) and previously
experienced design situations (the target pattern). Rely-
ing on such alignments, designers infer which action to
take for specific design situations and hence move for-
ward.

This understanding was formed earlier by the in-
vestigations of Douglas and Isherwood, and Cross.
Douglas and Isherwood [45.41], for example, indicate
that [45.41, p. viii]:

“there is a prior and pervasive kind of reasoning
that scans a scene and sizes it up, packing into one
instant’s survey a process of matching, classifying
and comparing. [. . . ] Metaphoric appreciation, as
all the words we have used suggest, is a work of
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approximate measurement, scaling and comparison
between like and unlike elements in a pattern.”

Later on, Cross [45.29] refers to several other re-
search initiatives that distinguish a very similar kind of
reasoning as fundamental for design thinking, thereby
mentioning the terms abductive reasoning, productive
reasoning and appositional reasoning as called by their
respective inventors Peirce [45.42], March [45.43] and
Bogen [45.28].

This kind of reasoning is obviously relied upon in
the interpretation step which is considered in the previ-
ous sections of this chapter. This kind of reasoning is
very poorly understood in general. The only thing we
appear to know, is that it happens. As we are confined
to behavioral studies of human design activity, and we
cannot simply access the human mind during design
activity, there is no real trustworthy indication of how
it happens. When turning to the interpretation of the
“work of approximate measurement” or “metaphoric
appreciation” [45.41, p. viii] as a kind of analogical rea-
soning, we can find out that analogical reasoning often
occurs between a new design-related experience (build-
ing, sketch, three-dimensional (3-D) model, conversa-
tion, and so forth) and a previous design experience as
it is stored in the human mind [45.30]. But also in the
very act of sketching, analogical reasoning is crucial,
because it allows reinterpreting or seeing as, as Gold-
schmidt puts it [45.32, 33]. In seeing as, the designer
reinterprets the sketch and, as such, adds new and origi-
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Fig. 45.5 The approximate location of analogical or appositional
reasoning in our earlier schema of the design process (Figs. 45.2
and 45.3)

nal meaning to it, thereby generating new ideas [45.32,
33]. For many student designers, who have little expe-
rience in architectural examples, seeing as often occurs
in a more superficial way. They tend to find similari-
ties between their sketches and other, often unrelated
concepts and things based on geometrical features and
shape (Look, this looks like a ship. Maybe we can. . .
or We are near the sea, why don’t we make the build-
ing in the shape of a wave?). Experienced architectural
designers often make more abstract, meaningful and/or
direct analogies, because they have a much richer set of
background experiences on which they can rely.

Because analogical reasoning is guided by en-
countered target patterns [45.34, 37–39], the designer
appears to proceed in an unstructured and perhaps aim-
less way. Therefore, the earlier mentioned definition of
imagining [45.9, 44] is also closely related to analogi-
cal reasoning. A similar conclusion is given by Boden’s
research on the creative mind [45.45]. She stresses the
importance of the incubation phase in creative thinking.
In this phase, the conscious mind focuses on other do-
mains, problems, or projects, thus enabling the creative
mind to make diverse alternative and previously uncon-
sidered analogies with the situation at hand [45.45, pp.
33–35].

When turning back to our initial schema of the de-
sign process (Figs. 45.2 and 45.3), we can locate the
position of analogical or appositional reasoning some-
where between the design situation that is observed
and the mental model resulting in the designer’s mind
(Fig. 45.5).

45.1.5 Abstraction from Representation
Model to Mental Model

If the bridging between the current design situation
and the background knowledge of the designer occurs
through analogical reasoning, the base pattern [45.34,
37–39] is tremendously important. Namely, this implies
that what designers experience from design situations
are the sole seeds from which they are able to make in-
terpretations and act creatively upon.

Of course, it is not realistic to assume that de-
signers interact with design situations as a whole,
something that might be concluded from the schemas
in Figs. 45.2, 45.3 and 45.5. Instead, designers inter-
act with a medium that provides a bounded interface
(a frame) to the current design situation (Fig. 45.6).
These media of interaction are of various kinds, in-
cluding people, objects, sketches, 3-D models and so
forth.

The most obvious experiences of design situations
in architecture (elements of interaction in Fig. 45.6) are
sketches [45.46]. As Goldschmidt indicates [45.32, 33],
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sketches are not only visual expressions of what one
wants to express, they are also elements for reinterpreta-
tion and thus for generating all kinds of new knowledge.
Cross similarly refers to the importance of sketching as
it enables a designer to explore several solutions and
problems to a certain design situation at once, thereby
considering several levels of detail at once [45.8, 47].
Schön [45.10], in turn, refers to the habit of many
designers to continuously make representations of the
design situation at hand in documents, plans, sketches,
and so forth, thereby allowing a designer both to an-
swer a previous design situation, and frame the design
situation anew into an alternative perspective. To say
it in Schön’s words, the designer “shapes the situation
in accordance with his initial appreciation of it, the sit-
uation talks back, and he responds to the situation’s
back-talk” [45.10, p. 79].

We will not dive into all the characteristic features
of sketching, but we will instead generalize among very
diverse possibly available base patterns used to initi-
ate analogical reasoning. Sketches, namely, are but one
of the many possible representation media that can be
used by designers to reflect on the design situation. Be-
sides sketches, designers can use conversations with
colleague architects, physical scale models, walking
around on construction sites or inspiring related pieces
of architecture, and so forth. Rather recently, this ar-
ray of interaction media has notably enlarged through
the development of all kinds of information technolo-
gies. New media are now available to the designer,
among which there are parametric design models, two-
dimensional (2-D) computer-aided design (CAD) mod-
els, 3-D BIM models, databases, websites on the Inter-
net, teleconference applications, virtual game engine en-
vironments, and so forth. So, design representations can
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take on many forms, including a sketch [45.32, 46, 48],
a simple discussion [45.49], a CADmodel, and so forth.

The main idea here is that by making alternative
representations, designers aim at confirming the ab-
stract model they have of a particular design situation,
which is always to some extent unclear, wicked or
unknown. By experiencing the resulting design rep-
resentation, a new understanding or abstract in-mind
model of the design situation thus emerges, which re-
frames the previous design situation and thus alters the
design process.

45.2 BIM Models and Parametric Models

The apposite bridging, interpretation, or abductive rea-
soning step is a capacity that is not available in a com-
puter. As we do not know the way in which our
background information is stored in our neurological
brain, we are obviously unable to replicate this. As
a result, no information system exists that is able to
store the target patterns that are required for analogi-
cal reasoning, let alone one that is able to match these
target patterns with incoming sensory information and
thus make analogies in a creative and autonomousman-
ner, as we do as human beings. So, no information
system is able to take over such a typically human
capacity.

45.2.1 New Technological Media
in Design Thinking

Nonetheless, architectural designers can still take ad-
vantage of information systems as an additionalmedium
that allows them to make alternative representations
with which they can interact in their sense-making or
interpretation process. Any computer-based representa-
tion thus functions similar to how a sketch functions.
Each such representation hereby represents only a lim-
ited semantic domain, only a partial reflection of the
complete design situation. They are representations of
the designer’s mental model, and by no means do they
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come close to the original mental modelwhich is always
in the mind of the architectural designer and which is
inherently ungraspable. Instead, the representations in
these media are to be considered as representations that
result from this mental model and that form, as such, ini-
tiators for further reflection on this mental model. In the
following section, we will briefly look into the conse-
quences in the context of BIMmodeling and parametric
modeling software, as reference examples.

45.2.2 BIM Models and Parametric Models

There have been many developments in information
and communication technologies (ICT) for the domain
of architecture, engineering and construction (AEC).
Most ICT applications in this domain allow to build
a certain representation or model of an architectural
design (element). A considerable number of the devel-
opments in ICT for the AEC domain have focused on
enlarging the amount of semantics that can be included
within the resulting representations or models. In other
words, instead of allowing designers to model a de-
sign using lines, points, boxes or surfaces, they now
typically allow to model typed objects, such as walls,
doors, structural columns, and so forth. Each instance
of one of those object types can then automatically be
represented using the properties that were predefined
for these object types. These properties typically in-
clude basic features, such as height, width, and location,
but they also include far more complex properties, such
as relations with other objects (aggregation, decompo-
sition, neighborhood, etc.), representational properties
(texture, geometry, etc.), and so forth.

These developments have resulted in a number of
modeling applications with capacities that make them
stand out from the traditional CAD or computer-aided
drafting applications. One can distinguish the following
modeling application types.

Building Information Modeling (BIM)
Applications

BIM applications allow to represent buildings using
a hierarchical structure of typed objects, including
building objects, materials, people, and so forth [45.50].
References can be made to the concept of feature-based
modeling (FBM) [45.51]. The workflow in such appli-
cations results in a single 3-D BIM model, which is
supposed to include all the information needed to build
the building (Fig. 45.7).

Parametric and Generative Modeling
Applications

Parametric and generative modeling applications al-
low to represent a design using a number of typically

geometric parameters. By moving sliders, parameter
values are changed, and a design model can be regener-
ated from these modified parameter values. The design
model is hereby formed by a network of parameter val-
ues and control functions that generate geometry using
the associated parameter values (Fig. 45.8).

Database Applications
Many more basic applications in the architectural de-
sign and construction industry still rely on rather basic
relational database systems. This includes, for instance,
four-dimensional (4-D) (time scheduling) and five-di-
mensional (5-D) (cost scheduling) applications, facility
management (FM) applications, energy performance
calculation software, and so forth. Of course, such
applications also use a semantic model of the architec-
tural design, represented by tuple values in a relational
database.

45.2.3 Features and Issues in the Usage
of the New Modeling Applications

Obviously, for all of the three technology types men-
tioned above (BIM software, parametric software,
database software), there are numerous interpretations
and implementations. We will not dive into the details
for each of these technology types in this chapter, as the
focus is here on the role and function of these new in-
teraction media within the design process. Within the
scope of this chapter, it should suffice to keep in mind
that each of the outlined software environments allows
to build a simple or complex semantic model as a rep-
resentation to interact with.

The semantic model that can be built using the
outlined modeling environment typically follows the in-
formation structure that is defined by the programming
code behind the corresponding modeling application.

Fig. 45.7 Revit Architecture is one of the available BIM
modeling applications that allow architectural designers to
model a BIM model representation of their design
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Fig. 45.8 Rhinoceros, to-
gether with the Grasshopper
plugin, is an often used
environment for the para-
metric modeling of building
geometry. This environment
is typically relying on nodes
and sliders to represent the
semantics of the designed
geometry

A Revit BIM model (Fig. 45.7) is something that can-
not be captured by a parametric model in Rhinoceros
and Grasshopper (Fig. 45.8), because both modeling
environments deploy different programming codes and
corresponding information structures. Basic 2-D CAD
applications enable the user to model a design in 2-D
geometric object models, using lines, points, surfaces,
and so forth. Basic 3-D applications allow this in 3-D,
using boxes, spheres, voids, and so forth. More ad-
vanced CAD systems typically focus on information
management, and thus enable the user to model a design
in more informative elements, such as walls, windows,
columns, beams, and so forth.

By allowing designers to model their design in
a more meaningful manner (more semantic object types
such as walls and doors instead of the more syntactic
points and lines), designers are supposedly enabled to
represent their design as a model that is much more
closely related to the in-mind abstract model that they
use in the design thinking process (Fig. 45.9). In con-
crete terms, rather then only being able to represent
a design using pencil marks on a paper, semantic fea-
tures in software applications allow the designers to
model a semantic structure (the ontology) that reflects
the in-mind structure of their designs and then use that
semantic structure to represent the actual design (in-
stantiation of the ontology). It is then easier to make
decisions, as the gap between the semantic model of the
design (Fig. 45.9, right) and the in-mind design model
(Fig. 45.9, left) is smaller and the interpretation step that
is to be made by the designer should be easier.

This functions relatively well. There are, of course,
a number of issues that are commonly identified in us-
ing these modeling applications:

1. Too much time is needed to build the appropriate se-
mantic structure for one’s particular in-mind design
model, resulting in a preference for quicker draft-

ing applications or drafting media (computer-aided
drafting or sketch environments).

2. As the in-mind design model is continuously chang-
ing (cfr. co-evolution of problem and solution),
one’s semantic structure is never up to date with
that in-mind design model. In other words, the
semantic 3-D model (Fig. 45.9, right) is always
a number of steps behind the in-mind design model
(Fig. 45.9, left).

3. A need arises to share the semantic model of the de-
sign with other people, as is typically also done with
sketches. However, transferring/communicating the
meaning of the custom semantic structure to any-
one else requires considerable effort from that other
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Fig. 45.9 The design process, as schematically represented earlier,
indicating how semantic 3-D models are used by architectural de-
signers
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person as the presented semantic structure never
matches with his own in-mindmodel. This is related
to the well-known interoperability problem (see for
reference [45.52–56]).

When considering the theories presented in the first
section of this chapter, it is rather obvious and under-
standable that these three main difficulties emerge. If
the abstract in-mind design model changes at every
single snapshot of interaction with some kind of inter-
action medium (Fig. 45.9), of course, the representation
on the medium with which is interacted is outdated at
every single moment in time. Hence, it would also be
a futile attempt to make a complete representation of an
abstract in-mind design model in any of the available
3-D modeling applications. Note that it would likewise

be a futile attempt to make such a complete representa-
tion in one paper sketch.

Furthermore, in order to get information into an-
other information structure (the interoperability chal-
lenge), no matter in what kind of information structure
it was originally captured, one always requires in-
terpretation if it is to be done properly. Thus, this
requires human effort. The best option in this con-
text of interoperability problems is to at least make
flexible and intuitive tools available so that a designer
can at least do the required interpretation effort in
a relatively smooth and efficient manner and transform
information from one semantic schema into another. Se-
mantic web technologies might provide some of such
flexible and intuitive tools, as is indicated in [45.56–
59].

45.3 Implementing and Using ICT for Design and Construction

Considering the above writings in this chapter, model-
ing applications will remain to be used as alternative
media for interaction by architectural designers and
construction experts, no matter the amount of semantics
they allow designers to represent. The semantic struc-
tures of these applications might to some extent match
or resemble the in-mind model of the designer, but it
will always fall short in comparison. That being consid-
ered, there is, first and foremost, a need for a flexible,
intuitive, and above all, pragmatic usage of modeling
applications in architectural design and construction.
Many examples of such usage strategies exist in prac-
tice. Unfortunately, this pragmatic approach remains to
include the effects caused by limited interoperability of
information [45.53], namely an increased loss of time
and an increased number of construction errors during
the construction process due to the necessary remodel-
ing of information from one environment to another.

45.3.1 Pragmatic Usage of Semantic
Modeling Applications

A first example of this pragmatic approach is doc-
umented in [45.60] and elaborates on the pragmatic
usage of BIM systems in the construction of the Port
House in Antwerp. Initially, an integrated BIM ap-
proach [45.50] was targeted in this project, using Revit
Architecture as a central BIM environment. The BIM
model would then serve as a central reference model
containing and providing information for all project
partners. The construction company tried to be faithful
to the BIM idea, but they gradually shifted to a more
pragmatic software usage approach. A BIM model was

engineered and maintained as a reference model by the
construction team in charge of the whole construction
process. Depending on the background and software
usage approach of the project partners, the informa-
tion in this BIM model was interpreted and provided
to the related project partners according to the seman-
tic structures they were using and the medium in which
they were working. Communication of information thus
included, for instance, Excel spreadsheets, PDF docu-
ments, and partial 3-D models in various file formats.
In importing and exporting these documents to and
from the modeling environment, human interpretation
was required in the form of manual conversion efforts.
Nevertheless, this human interpretation step produced
a desirable result within a foreseeable and plannable
time span.

The pragmatic software usage approach outlined
here and in [45.60] requires a very good balance be-
tween automatic (technological reformatting) and man-
ual procedures (human interpretation steps). The in-
formation structures of applications can be integrated
either by implementing project-specific software com-
ponents or by manual modeling. The key to a pragmatic
usage of (semantic) modeling applications is finding the
right balance between these automatic and manual pro-
cedures (Fig. 45.10), so that it fits the current design
situation.

Similar approaches appear to be followed in other
large architectural firms that concentrate on geometri-
cally or semantically complex architectural projects. In
most cases, the balance shifts towards the usage of au-
tomatic methods, as larger and more complex projects
often benefit from automatic procedures in terms of



Models in Architectural Design 45.3 Implementing and Using ICTfor Design and Construction 985
Part

I|45.3

+ Automatic procedures
+ Fast
+ Accurate
+ Flexible/dynamic model
– Systematical
– Exceptions excluded

  Manual modeling   –
 Slow   –

Port houseAutomatic Manual

 Error-prone   –
  Rigid/static model   –

Not systematical   +
  Exceptions included   +

Fig. 45.10 Indication of the balance between advantages
and disadvantages of using manual and automatic proce-
dures in information-handling in the Port House architec-
tural design project (after [45.60])

efficiency or return on investment. A good example
is the Specialist Modelling Group (SMG) in Foster
C Partners, which is a group that appears to concen-
trate on optimizing information exchange and complex
modeling for specific projects [45.61]. It appears to be
confirmed in [45.60] that this not necessarily requires
a standard information management approach. Prag-
matically constructing a common agreement between
project team members and combining manual and au-
tomatic methods with an expert group of programmers,
process modelers and/or communication specialists can
prove to be just as effective.

45.3.2 The Usage
of Design Agents or Assistants

Thus, for architectural designers and construction spe-
cialists, the better option in using information technolo-
gies is to consider these technologies as yet another set
of available media with which they can interact as part
of their reflective practice. As with all media, there are
certain rules, advantages and disadvantages that charac-
terize each medium. One should thus carefully consider
what medium to consider for what purpose. Something
that all media have in common, nonetheless, is that they
can all capture but a fragment of our in-mind abstract
knowledge.

One might wonder whether there really is no alter-
native, whether information systems will really not be
capable, almost as if by definition, to capture an abstract
model similar to the way in which human beings do so.
As indicated in the first section of this chapter, there is
only one thing that stands in the way of such a develop-
ment and that is the element of interpretation, analog-
ical reasoning or abductive reasoning (see Fig. 45.5).
This seems to be one of the main capacities that distin-
guishes man from computer. Key design actions require
interpretation, including: the mapping of incoming se-
mantic information to its own semantic structures, or the
construction of context-specific and purposeful shape
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Fig. 45.11 Our original schema of the design process, adapted in
order to communicate how the interaction between designer and
computer-based agent could be taking place

grammars and creation of appropriate design decisions
while relying on and continuously adapting this shape
grammar, or the performance of multidimensional op-
timization or satisficing of design constraints. In order
for a computer to perform these actions, it will first have
to be able to interpret incoming information and un-
derstand it using a mechanism that involves a form of
abductive, analogical or appositional reasoning.

If this is ever realized, it will result in the third of
three realms of software usages in architectural design
and construction support, as they were originally identi-
fied by Lawson [45.62]. We have seen the first two in the
previous sections, namely, (1) the computer as a rigid
problem-solving and all-knowing oracle, and (2) the
computer as a draughtsman, which is simply used as yet
another interaction medium while the designer remains
the only decision-making and interpreting agent. In
a third scenario (3), the computer is to be used as a true
design agent or assistant (see also [45.57] for more in-
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formation about how this relates to the earlier outlined
pragmatic approach). In this scenario, designers interact
with autonomously reasoning computer-based agents,
as if they would interact with any other medium. Both
the designer and the computer-based agent would then
interpret incoming information and learn from experi-
ence. Using our schematic format of the design process
again, this interaction between designer and computer-
based agent would likely look as depicted in Fig. 45.11,
with processes of inquiry happening in the human mind
(Fig. 45.11, left) as well as in the computer agent’s in-
formation system (Fig. 45.11, right).

For this scenario to be realized, interpretation as it
functions in the human mind needs to be implemented.
In this regard, some effort has already been placed in the
automation or implementation of abductive reasoning.
It is useful to consider the number of research initia-
tives in the domain of abductive logic programming
(ALP) [45.63]. Second, we have already looked into
some pointers towards CBR in brief [45.21–23]. Un-
fortunately, most of these research initiatives appear to
lack tangible research results. Not one of the resulting
software systems appears capable of reliably simulating
an interpretation step as it is produced by any human
agent in an autonomous and natural manner, let alone
within an architectural design context.

Some researchers have taken a different approach
and have primarily considered the larger cycle that peo-
ple appear to go through in any interaction with an
outside world [45.64–66]. This larger cycle resembles
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Fig. 45.12 Our original schema of the design process, with an over-
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might be taking place

the original process of inquiry as it was outlined mul-
tiple times by Peirce [45.42]. It is hereby considered
useful to not only consider abductive reasoning, but to
also look for the occurrence of inductive and deductive
reasoning as they were considered by Peirce [45.42].
This implementation approach makes sense as it seems
to be the only valid way to let an agent learn in an
autonomous manner, yet enabling it to store previous
experiences so that they can be reused in interpreting
future observations. Additionally, combining abductive
reasoning with inductive and deductive reasoning in an
iterative cycle is required if the agent’s functionality
is to remain true to Peirce’s idea of a process of in-
quiry. When relying on this interpretation of Peirce’s
process of inquiry [45.64–66], we might be able to in-
dicate where such a cycle resides in our earlier diagrams
of the design process (Fig. 45.12).

One research initiative that appeared to take on the
realization of this agent approach can be found in the
work of King [45.67, 68]. In this work, the goal was
to build a machine that can autonomously “discover
new scientific knowledge” by its capacity to “devise
a hypothesis, carry out experiments, to test it and as-
sess results” [45.68]. This endeavor to enable a machine
to go through these diverse stages is very much like
building a machine that is able to go through Peirce’s
process of inquiry, in the sense that in the case of
King’s research, the main question was also whether
they were able to build a “robot scientist that can actu-
ally accomplish the entire process” [45.68]. Eventually,
a machine was built that is capable of successfully con-
struing hypotheses, devise appropriate experiments and
test them, in the domain of functional genomics, a do-
main in which the relations between genes and their
functions are investigated. These actions are made using
a core body of knowledge, resulting from a “formaliza-
tion that involves over 10 000 different research units in
a nested treelike structure, 10 levels deep, that relates
6:6 million biomass measurements to their logical de-
scription” [45.67].

In any case, even if this autonomous agent-based
approach proves valid and a useful implementation of
such an autonomous reasoning agent can be realized, it
will take years before this agent takes on a form that
can provide help to an architectural designer as it was
theoretically outlined by Lawson [45.62]. Namely, it re-
quires at least 25 years for brilliant human agents to
learn this capacity and there is no reason to assume that
computer-based agents might be able to outperform this
human capacity. So, to conclude, we are best off, for
now, with following the pragmatic software usage ap-
proach as it was outlined earlier in this chapter and keep
relying on the architectural designers themselves as re-
flective practitioners and decision-makers.
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