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Abstract. The paper examines a method combining cognitive and linguistic approaches to investigate design protocols. The method is applied in a pilot study to compare Australian and Swedish language
protocols recorded in an experiment using a parametric design environment. The results demonstrate that the coding schemes can formally capture both cognitive and linguistic characteristics of the design
process. This multi-focused approach directly contributes to a better
understanding of the relationship between design and language.
Keywords. Design cognition; Language; Spatial language; Parametric
design; Protocol analysis.

1. Introduction
Past research (Gleitman and Papafragou, 2004; Boroditsky, 2001) has revealed that language, as a system, is both a reflection of the way we think
and of our socio-cultural differences and values. Wittgenstein’s (1922) quote,
“the limits of my language mean the limits of my world”, famously summarises this idea. But is it also true of the cognitive processes that occur during
design; are they also linguistically constrained?
With the rise of international, interdisciplinary teams in the architecture
and construction industries, the past assumption that design is a universal
language has come under increasing scrutiny. Despite the efforts of international design teams to accommodate traditional linguistic differences, very
little is known about the different ways in which languages shape the
thought processes that occur during design. Thus, this paper aims to develop
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a new approach to exploring both cognitive and linguistic characteristics in
the design process. This combined application of two related approaches is
intended to overcome a potential methodological weakness implicit in approaching the topic of design cognition without considering language, or
language without taking into account of cognitive factors.
This study involved two Australian and two Swedish designers using the
same computational design tools. That set of tools is part of a parametric
modelling environment (PME), an increasingly common and global advancement of Computer-aided Design (CAD). Using protocol analysis and a
new coding system, the pilot study presents a crucial starting point for understanding the relationships between design and language.
2. Research framework
Linguists, philosophers, anthropologists and psychologists have long been
interested in the question, “does language shape thought?” In particular, notably cross-linguistic differences in spatial thinking have been previously observed and evidence suggests that language influences conceptual development (Bowerman, 1996; Levinson, 1996). Thus, a significant research
question arises in the field of design, “does language shape design?”
In order to rigorously explore the relationships between design and language, this paper develops a conceptual framework that combines design
cognition and spatial language. This combination is of interest because the
difference in mental models, naturally induced by using particular linguistic
terms, has been shown to have consequences for problem solving (Munnich
and Landau, 2003). Problem solving, in turn, is a major part of the design
process and along with its pair — solution-finding — is a key cognitive factor differentiating design approaches including between novice and expert
designers. Combining these cognitive and linguistic approaches into a single
framework provides an important way of understanding how spatial language affects design cognition.
The method used to undertake this parallel investigation of cognition and
language in design is protocol analysis. Protocol analysis is one of the most
widely accepted methods for analysing design cognition. It relies on relatively small sample sizes and applies a very detailed and complex coding
scheme to develop rich information about a design process which is being
recorded or observed. The particular coding scheme for the protocol analysis
used herein investigates physical, perceptual and conceptual levels of design
cognition using a schema developed from the work of Suwa et al (1998). A
parallel coding of the same data highlights the linguistic differences from
three different perspectives: (i) spatial representation, (ii) spatial direction,
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and (iii) syntactic format. Both sets of codings can also be linked through the
issue of problem solving. In design, problem-solving behaviour is a core and
measurable cognitive indicator and it is also implicit in the theory of a coevolutionary process for explorative design (Coley et al, 2007). There is also
considerable literature reporting on research that adopts ‘Analysis–
Synthesis–Evaluation’ as a conventional design process (Lee et al, 2014).
Both approaches are considered to determine the cognitive patterns and
strategies in design, and to be shaped by language. The following sections of
this paper present these two major components of the method — the cognition-orientated and the language-oriented coding schemes — before the experimental set-up and its results are considered.
2.1. PROCESS-ORIENTED CODING SCHEME
The process-oriented coding scheme (Lee et al, 2015) identifies three levels
of cognition (physical, perceptual and conceptual) derived from Suwa et al’s
(1998) work and has been revised to be more suitable for PMEs. This adaptation is necessary because PMEs use algorithms that act as a blueprint of a
design that can be formally analysed. The algorithms also directly mediate
between the visualisation of a design and its creation, both of which involve
the use of language. Furthermore, designing in PMEs involves both geometric and algorithmic activities which are used to inform the physical and perceptual levels in the coding scheme. Some PMEs force the designer to actually write programming language to configure the spatio-visual properties of
a design. These algorithms are therefore clear indicators of the relationship
between design cognition and spatial language.
Using Suwa’s three levels of cognition it is possible to highlight the geometric and algorithmic activities in the design process. The conceptual level
of the coding scheme also has three categories: problem-finding, solutiongenerating and solution-evaluating. In particular, the solution-generating action, making variation, would be a core activity to support the generative aspects of parametric design (Lee et al, 2015).
2.2. LANGUAGE-ORIENTED CODING SCHEME
In parallel with the more conventional design cognition-orientated coding
system, this paper presents a language-oriented coding scheme (Table 1).
Part of the rationale for the new system is derived from the realisation that
spatial representations can be characterised by the tendency to use spatial relational terms that are sufficient and determinate enough to specify the spatial relationship qualitatively (Tenbrink and Ragni, 2012). Thus, the impact
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of language can become evident in the analysis of the description of an object and its relationship to other objects. For this reason, this paper adopts
two sets of subclasses for its coding, ‘relation’ and ‘object’. ‘Relation’ categorises the spatial terms of each protocol into three subclasses, local relation,
global relation, and demonstrative pronouns. Local relation and global relation highlight the use of the prepositional phrases to indicate the location,
while demonstrative pronouns such as ‘there’ and ‘here’ replace the longer
or more detailed descriptions of place or time. The ‘object’ category in the
coding identifies the number of objects involved in each description. This
includes consideration of the axial structure of the reference object (Munnich
et al, 2001) and the impact of functional relationships between entities on
spatial description choices (Coventry and Garrod, 2004).
Table 1. Language-oriented coding scheme.
Category

Subclass

Description

Spatial

L-relation

Local relation (e.g. the usage of projective terms (left, right,
front, behind, above))

representation
(Relation)

G-relation

Global relation (e.g. the usage of compass-based terms such
as north and south)

(Object)

Spatial direction
Syntactic format

D-pronoun

Demonstrative pronouns (e.g. the use of here, there)

1-object

Describe one object

2-object

Describe two objects

M-object

Describe multiple objects

Direct

Express a direction, in which an object is located

Indirect

e.g. the usage of “beside”

L-st-R

Locatum - Spatial term - Relatum

st-R-L

Spatial term - Relatum - Locatum

st-L

Spatial term - Locatum

While spatial terms differ widely, projective terms (left, right, front, behind, above, below; that is, spatial directions), are often used in spatial reasoning tasks and have repeatedly been noted as potential linguistic constraints (Tenbrink and Ragni, 2012). Such linguistic constituents necessarily
encode directions as well as the spatial distinctions which underlie linguistic
expressions used when referring to spatio-temporal configurations (van der
Zee and Slack, 2003). This stage of the analysis investigates the descriptions
that refer to both direct and indirect spatial relationships.
The syntactic format coding focuses on how speakers frame their spatial
descriptions syntactically. Hörnig et al (2006) argue that the word order and
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information structure are important for the mental reasoning process. This is
because speakers tend to adhere to syntactic formats that are appropriate for
the information structure chosen for descriptions (Tenbrink and Ragni, 2012).
For Tenbrink and Ragni (2012) a locatum (a position of something) is necessarily described in terms of both a relatum (which it is relative too) and the
particular spatial term that defines the nature of the relationship. For example, the sentence, “a bedroom is to the right of the entrance”, is encoded as
“L-sr-R” because it consists of a locatum (bedroom), a spatial term (to the
right of), and a relatum (entrance). Such an analysis investigates the linguistic structure of a decision or proposal as well as its general grammatical format.
3. Results and analysis
3.1. PROCEDURE
Protocol analysis in design involves video/audio recording the actions and
verbalised thoughts of a person undertaking a design process (Suwa et al,
1998). If groups of designers can be observed while working separately on
the same task and in the same environment, a direct comparison can be made
between the way different designers (or groups) think and work. In the pilot
study for the present paper, two Australians (Au1 and Au2) and two Swedes
(Sw1 and Sw2) undertook the same design task, using the same tools and
with the same opportunities (PME). Despite differing levels of general architectural experience, all participants had previous experience in PMEs and
had successfully completed at least one major architectural design project
using this approach. The specified design task which each undertook for the
present research was a conceptual modelling process for a high rise building.
GrasshopperTM software was the common algorithm editor in the study.
All designers were asked to undertake the design task in approximately
one hour although, taking into account varying needs of processing time and
debugging, they were allowed to finish earlier or continue overtime. During
the process, both designers’ activities and their verbalised descriptions of
their thoughts and activities were video-recorded. Applying the processoriented coding scheme presented in this paper, the designer’s actions and
expressed thoughts were segmented and then classified (coded) for detailed
quantitative and qualitative analysis. Each protocol has been encoded twice
with a three-month interval between the two processes. A final protocol coding was achieved using a process of arbitration.
While the actions of these designers were encoded, their think-aloud vocalisation was in English, regardless of their native language. Thus, the in-
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terpretation of the actions has an innate English bias, but the common language supports a more consistent coding process. This overcomes the limitations identified by Boroditsky (2001) of using and comparing native languages. Importantly, the language systems of English and Swedish share
some similar characteristics, but they also have differences. For example,
both languages use the standard word order, Subject-Verb-Object (SVO),
while Swedish also follows the Verb-second (V2) order, as does the German
language. The composition, “there + verb”, is common in Swedish, but
“there + to be” is common in English. However, the present study doesn’t
aim to capture this kind of linguistic differentiation, but rather highlights
whether or not the spatial representation and/or reasoning of each group can
be identified through the coding schemes.
3.2. DESIGN COGNITION
Three designers completed the design within one hour, while Au2 took longer than this. The average duration of each coded segment was 13.2 seconds
and the average value of the number of segments was 300.5. Table 2 shows
the coding results of the parametric design processes of the four participants.
Sw1’s protocol has the highest number of encoded segments (360), and the
shortest average time of segments (10.7 seconds). This indicates that Swl
produced clear cognitive activities and changed them more quickly. In contrast, Au2 has the smallest percentage of the encoded segments (86.8%) and
therefore took more time to complete a cognitive activity. Au2 also produced
many unnecessary (not-encoded) activities, including finding algorithmic
components (rules) and arranging rules. On average, 92.3% of segments
were encoded in the entire process-oriented coding scheme.
Table 2. Coding results of the parametric design process.
Designer

Design time

Num. of segments

Coded segments

Average time of segments

Au1

47 m 54.7 s

220

208 (94.5%)

13.0 s

Au2

1 h 27 m 8s

319

277 (86.8%)

16.5 s

Sw1

1 h 4 m 22 s

360

347 (96.4%)

10.7 s

Sw2

1 h 3 m 12 s

303

278 (91.7%)

12.5 s

Mean

1 h 5 m 42 s

300.5

277.5 (92.3%)

13.2 s

SD

16 m 9.9 s

58.8

56.7

2.4 s

The figures in Table 3 indicate the percentage of the frequency weighted
by time duration of each code. The most dominant activity is ‘A-Rule’ (writing an algorithmic rule), the second ‘E-Geometry’ (visually evaluating the
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outcome of a rule) and the third ‘E-Rule’ (evaluating the rule itself). On average, the three activities account for over 50% of the codes. That is, the algorithmic representation is a preferred medium in the physical level of parametric design and it would be regularly evaluated in the 3D view as well as
in the scripting view. There are also clear differences between the participants. For example, Au2 and Sw2 each produced a larger number of geometric activities, because both drew shapes in the 3D view and then imported
them into the algorithm editor. Both also struggled with the development of
algorithmic rules so that they evaluated them more often (E-Rule), which accounts for over 16% of their time, and were more limited in generating behaviors (G-Generation). Conversely, the two Australians often undertook
perceptual activities while the two Swedes tended to evaluate existing parameters. This indicates that there are potential differences in their approaches to parametric design and the coding scheme identifies these.
Table 3. Percentage of the frequency weighted by time duration of each code.
Level

Category

Subclass

Au1

Au2

Sw1

Sw2

Mean SD

Physical

Geometry

G-Geometry

2.0

6.6

0.0

4.2

3.2

2.8

G-Change

0.5

9.3

0.7

0.4

2.7

4.4

A-Parameter

4.9

2.6

6.0

6.1

4.9

1.6

A-Change Parameter

10.0

1.7

10.2

8.0

7.5

4.0

A-Rule

24.7

20.5

17.4

16.9

19.9

3.6

A-Change Rule

6.0

4.3

8.9

5.2

6.1

2.0

Algorithm

Perceptual

A-Reference

0.0

0.0

1.4

0.0

0.4

0.7

Geometry

P-Geometry

2.8

1.1

0.1

0.4

1.1

1.2

Algorithm

P-Algorithm

3.2

2.9

1.0

2.2

2.3

1.0

F-Initial Goal

Conceptual Problem-finding

3.0

0.9

0.6

4.2

2.2

1.7

F-Geometry Sub Goal 7.0

8.7

5.9

6.0

6.9

1.3

F-Algorithm Sub goal 4.1

4.0

1.8

7.1

4.3

2.2

Solution-generating G-Generation

4.0

2.0

3.9

2.5

3.1

1.0

Solution-evaluating E-Geometry

19.4

19.0

22.2

11.2

18.0

4.7

E-Parameter

0.8

0.0

9.6

9.0

4.9

5.2

E-Rule

7.6

16.3

10.2

16.5

12.7

4.5

E-Reference

0.0

0.0

0.0

0.0

0.0

0.0

100

100

100

100

100

-

Sum

3.3. SPATIAL LANGUAGE
The linguistic side in this pilot study involves analysing 30-minute periods
of the data, starting with the designers’ verbal introduction to the design
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brief, to get the same time-duration protocols from each test subject, which
may otherwise vary in length. The linguistic analysis starts by identifying its
syntactic complexity of each protocol in Table 4.
“T-units” (minimal terminable units) are considered to be ‘thought’ units,
consisting of one main clause with all subordinate clausal and non-clausal
elements embedded in it (Hunt, 1970). This paper identifies the number of
clauses per “T-unit” (or per utterance), which is referred to as providing an
adequate index of linguistic complexity for a variety of purposes (Cheung
and Kemper, 1992). Au1 produced the highest complex protocol syntactically, while Au2 presented the lowest, a result which might be related to different levels of design skills (Lee et al, 2014). Au1 followed a higher proportion of “expert” design processes, resulting in the problem-forwarding
strategy. In contrast, Au2 presented a more “novice” approach, often stopping to solve a problem as it emerged and lacking a “working forward”
search strategy.
The two Swedes also showed quite different statistics. Sw1 produced the
smallest number of clause (C) and T-unit (T) codes, while Sw2 produced
slightly higher figures. In addition, there are more trouble-shooting activities
in Sw2’s protocols, while Sw1 developed the shortest value in the average
time of segments in Table 2. That is, Sw1 changed their design activities relatively faster using only a limited think-aloud. This might be a limitation of
the concurrent verbalisation technique adopted in the study. On the other
hand, Sw1 produced an average value of the syntactic complexity (C/T),
which would be a better index of linguistic complexity. Thus, this paper
adopts T to normalise the frequency of the language-oriented codes.
Table 4. Syntactic complexity of each protocol.
Designer

Num. of segments

Num. of clauses

Num. of T-units

Syntactic complexity

Au1

152.0

382.0 (2.51)

211.0 (1.39)

1.81

Au2

105.0

141.0 (1.34)

112.0 (1.07)

1.26

Sw1

192.0

116.0 (0.60)

73.0 (0.38)

1.59

Sw2

144.0

235.0 (1.63)

136.0 (0.94)

1.73

Mean

148.3

218.5 (1.47)

133.0 (0.90)

1.60

SD

35.7

120.4 (0.80)

58.1 (0.40)

0.20
( ) means the value per segment

Table 5 shows the results produced using the coding scheme. Although
this research started with the hypothesis that spatial language potentially
shapes design cognition, the results of the pilot study do not directly support
that view. For example, there are no spatial relational terms describing glob-
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al relations (G-relation) and indirect directness. All designers also used only
“L-st-R” in the spatial format category. This may be because they designed
an isolated building without any contextual constraints, or because the algorithms they used generate forms rather than geometric relationships. Nonetheless, the coding scheme identifies some important features of their verbal
protocols.
Table 5. Coding results using the language-oriented coding scheme.
Category
Spatial
representation
(Relation)

Subclass

Au1

Sw1

Sw2

Mean

SD

L-relation

27 (0.24) 7 (0.03)

7 (0.10)

7 (0.05)

12 (0.08)

10(0.03)

D-pronoun 10 (0.05) 3 (0.03)

6 (0.08)

18 (0.13)

9.25 (0.07)

6.5(0.05)

(Object)

1-object

3 (0.01)

0

0

0

1.5 (0.01)

0.75(0.00)

2-object

3 (0.01)

0

0

1 (0.01)

1.41 (0.01)

1 (0.01)

Spatial direction

Direct

1 (0.00)

1 (0.01)

0 (0.00)

1 (0.01)

0.75 (0.01)

0.5(0.00)

Syntactic format

L-st-R

24 (0.11) 3 (0.03)

1 (0.01)

16 (0.12)

11 (0.07)

10.92(0.06)

Au2

( ) means the normalised value calculated by the frequency per T-unit

Data for the two Swedish speakers suggest higher frequencies of demonstrative pronouns than that of the two Australians. This may be because it is
less onerous for speakers to use demonstrative pronouns than to provide a
full prepositional phrase. The instructions for the think-aloud protocol collection method may also affect the incidence of demonstrative pronouns.
Nonetheless, this outcome may be caused by linguistic differences or habits.
As for “Object”, the data identifies only the small number of objects that are
in spatial relationships (L or G relation), a finding which is seemingly contrary to that of Tenbrink’s and Ragni’s research. However, it can be extended to the number of tangible or visually seen objects that are involved in
each design protocol. Interestingly, the more experienced Australian designer (Au1) who showed the most inventive tendencies, produced the most frequent terms and clauses associated with spatial representation and syntactic
format, while the less experienced Australian designer produced the least.
The normalised values also reflect a similar tendency. This implies that the
cognitive design process of a designer may be related to linguistic features.
4. Conclusion
This paper presented a novel framework for exploring the relationships between design cognition and language. Two coding schemes – cognitionoriented and language-oriented – have been presented in a proposed framework using concepts derived from design and linguistic theories.
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Although the sample size recorded in the pilot study is small, the initial
results indicate that the coding schemes enable the capturing of cognitive activities and linguistic characteristics. This multi-focused approach contributes to advances in fundamental knowledge in terms of design and language.
A future study addressing the relationships between language and design is
planned with more subjects and additional languages (Korean and Chinese).
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