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Abstract: This paper forms part of a larger research study that investigates how designers 
collaborate and respond to design criteria. Specifically, this paper will document the role of 
gesture during early stage design activity by detailing the types of gesticulations that occur 
between designers during the early, fuzzy front-end of design. This includes coding and 
analysing relevant metaphoric, deictic, iconic, functional and mechanistic gestures. The findings 
from this research indicate that designers use gesture as an extension to unarticulated elements in 
the design process. Furthermore, design teams discuss meta-narrative aspects of the discourse 
structure when working through design concepts. As a result, designers rely on metaphoric 
gesticulations to help communicate solution-scenarios. Future research to better define the 
relationship between gesture type and design activity will provide additional rich understandings 
of the role of gesture in design as a creative, collaborative and communicative design tool. 
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1. Introduction 
Various studies have been conducted to better understand how designers approach and engage in design 
activity (Dorst 1995, Cross, Christiaans et al. 1996, Christensen and Yasar 2007, Liikkanen, Björklund et 
al. 2009, McDonnell and Lloyd 2009, Chai and Xiao 2011). However, early-stage design has not been 
fully addressed and further research is required. The following provides a summary of recent and seminal 
studies that explore early stage design across a number of activities, including:  

• Studying design cognition (protocols)  
• Studying collaboration (design teams)  
• Studying activities in design (e.g., sketching and gesturing) 

1.1. Studying design cognition (protocols) 
Protocol studies are commonly used to learn more about the design process and how designers think and 
behave when working through a design problem. Investigations that involve protocols have a rich history 
in design research dating back to the The Delft Protocols Workshop, 1994 (Cross, Christiaans et al. 
1996). Using protocol studies to explore design activity is widely accepted by researchers to study both 
team and individual behaviour and many have contributed to this field of investigation (Eckersley 1988, 
Lloyd and Scott 1994, Akin and Lin 1995, Cross and Clayburn Cross 1995, Dorst and Dijkhuis 1995, 
Galle and Béla Kovács 1996, Suwa and Tversky 1997, Gero and Neill 1998, Dorst and Cross 2001, 
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Matthews, Ahmed et al. 2001, Christensen and Yasar 2007, Kan and Gero 2008, Hao and Ching-Chiuan 
2009, Chai and Xiao 2011). Protocols are useful because they involve the collection of verbalisations (as 
well as sketches) produced during a design session.  
According to Ericsson and Simon (1980) protocol data can be collected in two ways, retrospectively or 
concurrently. Retrospective verbalisations involve participants recounting the cognitive processes that 
occurred at an earlier time while concurrent verbalisations are uttered during the task (Smagorinsky 
1989). Hayes and Flower (1983 in Smagorinsky, 1989) refine this further into two categories: directed 
reports and talk-aloud protocols. Directed reports refer to participants’ reports of specific behaviours 
whereas every utterance is considered for talk-aloud protocols.  
The purpose of protocol analysis is to uncover design cognition during the problem-solving process, 
typically of complex and or ill-defined problems. Protocol studies provide a way to get close to the 
designer’s thought processes, for example cognitive, problem-solving, and studies into the cognitive 
behaviour of designers have become a major part of empirical design research (Dorst 1995).  
Dorst (1995) confirms that protocols are a widely accepted tool for capturing a few aspects of design 
activity in great detail and exploring cognitive behaviour and processes of designers (Akin and Lin 1995). 
Additionally, an investigation by Eckersley (1988) analysing the verbal behaviour of a small group of 
designers, also found protocol analysis to be an effective method for showcasing different problem-
solving behaviours. By using this method, Eckersley was able to provide a glimpse into the values and 
design priorities that designers attribute to particular aspects of a design (such as function over prestige). 
However, the reliability and validity of this method and the extent to which the method interferes with the 
cognitive process being investigated, has been questioned (Russo, Johnson et al. 1989, Krahmer and 
Ummelen 2004). Specifically, researchers have queried the extent to which the process of ‘thinking 
aloud’ may affect the process being investigated (Krahmer and Ummelen 2004). Furthermore, people do 
not always know what they are thinking and this can cause problems in analysis because not everything 
can be verbalised (Cross, Christiaans et al. 1996).  
Dorst also criticises protocols, highlighting the method as limited (Lloyd, Lawson et al. 1995, Suwa and 
Tversky 1997) because non-verbal thought processes are not captured. Christensen and Yasar (2007) 
emphasise the challenge with protocols is the different and at times inconsistent methods used by 
researchers for structuring the protocol (i.e., standard time-intervals or parsing process into episodes). 
Additionally, Suwa and Tversky (1997) stress the importance of using visual data captured during design 
sessions to clarify abbreviations and ambiguous pronouns used by the participants. For example, by 
documenting participants’ pointing gestures Suwa and Tversky were able to code these aspects as 
‘unknown’ thoughts. This highlights two things; firstly the importance of collecting (other) visual data to 
capture ‘missed’ elements in verbal data and secondly, the importance of visual data in helping to clarify 
verbal ambiguities and ‘unreported depictions’ (Suwa and Tversky 1997).  
It is evident that protocol analysis is accepted as a rigorous research method and has been used 
extensively throughout design research. However, in order to effectively capture the full spectrum of 
design activity, the selected research method must be chosen carefully and allow for the capture of verbal 
and non-verbal interactions. Furthermore, talk-aloud protocols should not be relied upon as a standalone 
method.  

1.2. Studying collaboration (design teams) 
Numerous studies have been conducted to explore collaboration and how effectively design teams work 
together (Cross and Clayburn Cross 1995, Marxt and Popovic 2002, van der Lugt 2005, Christensen and 
Yasar 2007, Visser 2010, McDonnell 2011, Wiltschnig, Christensen et al.). Analysing team interaction is 
useful because in can provide further insights into (but not limited to) designers analogical reasoning, 
sketching behaviour, co-evolution approaches, expertise, creativity, design cognition and mental 
simulation. However, it can be fraught with challenges because there are a number of variables to 
consider such as age, expertise, size of the team and context (Christensen and Yasar 2007). Moreover, 
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design research has mostly centred on studying the individual design process (e.g., Cross, Christiaans et 
al. 1996) and, comparatively, little empirical evidence exploring the design process of teams exists.  
It is clear that there are opportunities for further study into the functioning of design teams and how 
working in teams impacts design solutions (Christensen and Yasar 2007). Analysing collaboration in 
design generally takes two forms. Firstly, researchers explore the verbal interactions between participants 
to better understand design cognition and/or other mental simulation approaches. Or, researchers explore 
sketching behaviour and the design responses generated during the session to better understand the links 
between cognition and design activities. For example, McDonnell’s (2011) study of collaboration looked 
explicitly at the verbal interactions between two software designers whilst developing initial ideas. Data 
were derived from a two-hour software design exercise during which time the designers collaborated 
using a whiteboard whilst being recorded and observed. Specifically, McDonnell highlights the fluid 
nature of the collaborative activity between the two designers, classified as ‘expert’ design performance. 
In all, McDonnell draws attention to the positive outcomes of having studied this interaction. The goal 
being to better understand design as a social interaction and in doing so, contributes to knowledge in this 
field with the future hope of better educating designers for effective collaboration. The challenge with 
investigations like McDonnell’s is that the analysis is centred on one specific task, one set of designers 
and one activity. While this provides rich insights and accounts of the design task - limiting the cohort to 
one design team limits the capacity to generalise the results.  
In essence, studying collaborative design activity by recording design team interactions and analysing 
verbal and/or visual data is a widely accepted design research method. Exploring collaborative design 
activity can provide rich insights into design thinking and activity. Researchers, however, should consider 
the limitations of this approach and seek to reduce the number of variables (such as, age, experience, 
education, etc) wherever possible. In reducing the number of variables, researchers have an opportunity to 
more clearly identify the intrinsic factors that pertain to collaborative, co-creative, co-design practices. 

1.3. Studying activities in design (e.g., sketching and gesturing) 
During the early stage of design, designers generate a variety of data in addition to verbalizations, these 
include, sketches, annotations and gestures. Some studies focus less on the verbal interactions of design 
teams and more on non-verbal interactions to better understand design processes and thinking. 
Specifically, research into the role of sketching in design has been explored over the past 20 years (Fish 
and Scrivener 1990, Suwa and Tversky 1997, Neiman, Gross et al. 1999, Scrivener, Ball et al. 2000, 
Heiser, Tversky et al. 2004, Jonson 2005, van der Lugt 2005, Tversky and Suwa 2009). Visual data 
(sketching or gesture) is generated by designers as an extension to the problem-solving process. Through 
this process designers use sketches as metaphors, and often produce ambiguous sketches which are 
suggested to indicate creativity in design (Goldschmidt 1991). Contextually, the drawing space is 
important for mediating collaboration and the process of drawing often contains much more information 
than the resultant drawings (Tang 1991). 
Analyzing sketches is useful for understanding and interpreting thinking processes that are not accessible 
through direct verbalization (Verstijnen, Hennessey et al. 1998) and the interaction between designers and 
their sketches is seen as critical to creativity (Goldschmidt 1991, Purcell and Gero 1998, Verstijnen, 
Hennessey et al. 1998) and has known to spur creative thought (van der Lugt 2005). Some studies into 
collaboration have looked at how design teams engage through sketching, such as van der Lugt (1991) 
and Tang (1991). van der Lugt (2005) for example, looks at the functions of sketching in a group by using 
the ‘brainsketching’ technique to better understand creative problem-solving in meetings. van der Lugt’s 
approach is a modified version of Goldschmidt’s Linkography method (1991), adapted to generate a 
‘Link matrix for brainsketching segments’. Using this approach van der Lugt was able to identify that 
group sketches can stimulate creativity by providing new directions. Based on an adaptation to Eugene 
Ferguson’s three kinds of sketches, van der Lugt adopts thinking and talking sketches but chooses to 
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reference ‘the storing sketch’ instead of Ferguson’s ‘prescriptive sketches’. As a result, van der Lugt 
centers on three types of sketches, the (i) thinking sketch, (ii) talking sketch, and (iii) storing sketch.  
According to van der Lugt, the Thinking Sketch is a method used by designers for ‘re-interpretation’ and 
shifting the focus of attention (Purcell and Gero 1998, in van der Lugt 2005). The Talking Sketch 
represents quickly drawn sketches in group discussions that allow for a shared visual context (van der 
Lugt 2005), and the Storing Sketch relates to the archiving and retrieval process stimulated by visual 
representations generated through sketching. In addition to van der Lugt, Oxman (2002) also believes that 
shapes in drawings can be regarded as externalizations of mental images used in design to represent the 
physical objects of the design world. Sketching plays an important role in trying to understand the 
"visual-mental processes of designers" (Oxman 1997). Therefore, visual abstraction is an important way 
to communicate domain knowledge by using visual imagery (Oxman 2002). The design sketch is the 
basis of mental and visual transaction between the designer and the representation (Oxman 1997).  
It is evident that sketching during design activity plays an important role and impacts design reasoning in 
unique ways (Goldschmidt 1991). Moreover, sketching induces visual reasoning and spurs creativity 
when working in design teams. Given that sketches embody and represent creative and cognitive function, 
what might 'other' visual data, such as gestures represent?  
The analysis of gestures is useful because gestures include all idiosyncratic spontaneous movements of 
the hands and arms while speaking (McNeill 2005). Psychologist, researcher and gesture specialist David 
McNeill (1985, 1992, 2000, 2005) notes that there are four major categories of gesture (i) iconic, (ii) 
metaphoric, (iii) deictic (pointing), and (iv) beat gestures. Throughout his extensive research into the links 
between gesture, speech and thought, McNeill (1992) identifies that while gestures are closely linked to 
speech, they are fundamentally different in form from speech. This is because gestures are independent 
visual displays (1992) and it is clear that a relationship exists between gesture and thinking and creativity 
(McNeill 1992). An example of this is evident in the study by Athavankar (1999) who looked at how 
designers, when blindfolded, used mental imagery. What emerged from these studies was the unexpected 
use of gestures in the design process. He found that the designers, when blindfolded, compensated by 
using gesture to explore their design ideas and that through gestures, the designer appeared to be 
interacting with the “evolving spatial configurations” in his mind, as if he was “continuously modelling” 
it in 3D space (Athavankar 1999). What is interesting about Athavankar's work is the finding that the 
gestures appeared to assist the designers to explore, clarify and represent spatial configurations 
(Athavankar 1999).  
Research into the role of gesture in design has received comparatively little attention and current research 
is limited (Mewburn 2009, Visser 2009; Donovan, Heinemann, Matthews and Buur 2011; van den Hoven 
and Mazalek, 2011). Visser (2009), for example, documented gestures used by designers during an 
architectural meeting. To do this she undertook an analysis of spontaneous, concurrent speech gestures 
that occurred during the design meeting. Gestures used in architectural studies are referred to as 
“illustrative gesticulations”, an illustrative gesture resembles its designatum, this means "one must look 
closely at the gesture, because the designatum is, at least partially, ‘in’ it” (Visser 2009). Visser also 
distinguished four types of gesture in design (Bekker, Olson, and Olsen 1995 as cited in Visser 2009) 
including (i) kinetic (action execution), (ii) spatial (indication of distance, location, or size), (iii) pointing, 
and (iv) other (with an emphasis on verbal utterances and attracting attention). Through her analysis 
Visser explored and documented a variety of iconic related gestures including kinetic and spatial gestures, 
however, she did not discuss metaphoric gestural interactions. Like Visser, Mewburn (2009) also 
investigated the discipline of architecture, however, the difference between the two studies is that 
Mewburn’s focused on design studios within a university, whereas Visser’s work explored in situ activity. 
A specific outcome of Visser’s research included the identification of the purposes for which gesture was 
used. Specifically, Visser identified that gesture is essential in both the design of and communication 
around 3D dynamic design aspects (2009, p. 284).  
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Mewburn's research (2009) explored the activity occurring in architectural design studios and how 
students and teachers used gesture to communicate in ‘architectural ways’. The most notable finding from 
Mewburn’s work is the relationship between sketching and gestures and the idea that participants would 
become frustrated with their sketches because they were "unable to continue to ‘hold’ her expressive 
intent” (2009, p.156). Mewburn documented how participants hands would leap free of the sketch and 
gestures would occur over the top of the paper (2009). This ‘leaping’ off the sketch indicates that the 
sketch is incapable of communicating fully the designer’s intent. To effectively communicate their idea, 
the designers added to their sketch by using gesture as a communication tool. 
A study by Donovan et al. (2011, p.222-223) looked at a particular ‘type’ of gesture, specifically, they 
analysed the role pointing (deictic) gestures in creating places of shared attention. In doing so, they define 
pointing as a complex “function” and detail the role of pointing during collaborative design activity 
within computer-supported environments. van den Hoven and Mazalek (2011) also look to computer 
supported collaboration, with a specific emphasis on exploring “gestural interaction” and the ways in 
which gestures are used and/or affected by interaction with physical devices. Through this investigation, 
van den Hoven and Mazalek provide a thorough account of gestures in HCI, spanning 3-D space and 2-D 
surfaces and conclude by providing guidelines to assist designers in exploring the potential of tangible 
gesture interaction.  
Other studies have looked at how gesture is used during problem solving tasks, for example, exploring the 
development of scientific theory in the laboratory (Becvar, Hollan et al. 2008) as well as studies into the 
use of gesture in mathematics (Edwards 2009). In particular, Edwards’  study into mathematical talk 
highlights that gestures are a mode through which thinking is expressed. Edwards found that many of the 
observed gestures were precise, reflecting the structural details of the objects to which they corresponded 
(2009). This is important when considering McNeill’s proposal that some dimensions of thought are 
presented in the gesture, whilst other aspects are contained in speech (McNeill 1992).  
Given the role gestures play in helping to convey meaning beyond a sketch as well as the 'embedded' 
meaning that is inherent in gestures, it seems logical and valid to record and analyse gesture interactions 
between designers during design team interactions. As illustrated by Mewburn, designers rely on gestures 
as an additional means of communicating their design intent and/or to explore elements incapable of 
expression through either sketches or in verbal form. An opportunity exists to contribute to this emerging 
field of study. Therefore, by building on the work by Mewburn, Visser and McNeill it is anticipated that a 
better understanding of the role of gesture during early stage design and in particular the role of gesture 
during collaborative and creative design activity can be found.  

2. Method 
For the purpose of this investigation a quasi-experimental design was adopted and a series of empirical 
studies were conducted. While the studies were conducted in a controlled laboratory setting, emphasis 
was placed on experimental realism to help ensure participants were caught up in the experiment and 
were truly influenced by it (Neuman 2011, p.302). Within the quasi-experimental frame, a comparative 
cohort analysis was used to identify the similarities and differences in design team responses to the given 
task.  
For this research twenty professional designers were invited to participate, organised into 10 design teams 
each consisting of two designers. All participants possessed a minimum bachelor level design degree, as 
well as a minimum two years experience working in the design industry. The type of practical experience 
varied for each participant, however, all designers who participated worked in industrial design or a 
design related discipline. Maximum variation sampling was achieved by recruiting participants that varied 
in age, gender, workplace experience, working context and highest level of education. Each design team 
was then assigned to a particular cohort – either Cohort A or Cohort B. The designers were not aware 
which cohort they were assigned until after task completion. The designers in Cohort A represented the 
‘control’ group and the designers in Cohort B represented the ‘experimental’ group. Design teams in 
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Cohort A were issued with a design brief that requested the design (or re-design) of a product. The design 
teams in Cohort B were issued with additional design considerations; ‘universal design’ and 
‘sustainability’, included as part of the design brief for comparative purposes.  
Designers were requested to complete the activity within a one-and-a-half-hour time frame and 
participation by each design team was tightly controlled and included three phases (i) Initial Interview 
and Orientation, (ii) Design Task, and (iii) Retrospective Interview. Design teams enabled the collection 
of ‘naturally-occurring’ interactions (Cross 2006). These naturally-occurring interactions including; talk-
aloud protocol, the collection of verbal data (designers discussing the design task), and interactions, 
observational data (designers interacting during the design task). A controlled environment was used to 
reduce the number of variables and to ensure consistency across design teams. While the research setting 
was controlled, the experiment was deemed quasi-experimental because the overall environment reflected 
a design studio as confirmed by participants.  

2.1. Data analysis strategy 
Data collected was organised in a manner that enabled commonalities and comparisons to be identified 
(Neuman 2003). Data were analysed and coded with the assistance of verbal (Atlas.ti) and observational 
(Noldus Observer.XT) analysis software and progressively coded, themed and categorised.  
Data were analysed by a single coder, rigour and reliability were maintained by progressive coding to 
identify relevant themes. The provision of multiple data passes and ongoing reflection, critique and 
subsequent reduction of data enabled consistent application of the relevant schemas. 
To effectively code gestures, a coding ‘modifier category’ was applied. This was used to indicate the type 
of gesture used by each participant. This included four coding modifiers applied in two stages. First, 
gestures were coded as either Iconic or Metaphoric. Second, within each of these categories the gesture 
was then defined as an Extension (EXT) or Independent (INT) gesture. 

3. Gesture and design activity 
Gestures were observed as a combination of very quick hand movements that can occur in a matter of 
seconds. Some gestures were more complex and lasted longer than others, most, however, occurred 
simultaneously with speech and some occurred as an extension of sketches. The gestures of each designer 
were coded.  
Understanding how designers use gesture is important because “gestures open up a whole new way of 
regarding thought processes, language, and the interactions of people” (McNeill 1992, p. 12) and “reveals 
a new dimension of the mind” (1992). As observed in this research, designers in Cohort A used gesture 
more throughout the design task, than designers in Cohort B. However, looking closely at the differences 
between the two Cohorts and how each designer and design team engaged with gesture throughout the 
design task, some differences emerge. Clear differences in the types and variety of gesture were observed 
across the design teams (e.g., iconic, metaphoric, deictic). While design teams in Cohort A spent more 
time communicating and interacting through gesture than designers in Cohort B, Cohort B’s use of 
gesture was more abstract. Moreover, the most commonly used gesture throughout all of the design tasks 
was spontaneous ‘gesticulation’. One of the most notable features of this type of gesture is that it almost 
never occurs in the absence of speech.  
Documenting spontaneous gestures included coding every instance of metaphoric and iconic gesture 
interactions. An example of a spontaneous gesture is illustrated in Figure 1 and recorded as 'gesticulation'. 
The frames in this selection occur over a 10 second period and highlight the rich nature of this quick 
gesture type. In this instance (Figure 1), participant P06 is communicating with his co-participant (P05) 
and is using gesture to explain the problem he is considering. To visualize this, P06 puts his hands 
together and twists his wrists to show functionality. P06 continues and then completes the gesture action 
with his palms facing down and hands moving towards the table. This particular gesture shows the 
participant communicating an idea to his co-participant; it is evident from the gesture that this idea is rich 
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and complex. In this instance the participant focuses intently on an imagined object he creates virtually in 
the gesture space, and holds it within his hands. He pauses, suspending the product whilst seemingly 
holding it and looking to his right (to his co-participant). Whenever the designer glances to his left he is 
looking directly to his co–participant, who in this instance is what McNeill (1992) refers to as passive 
comprehender. A breakdown of each gesture type and associated function is provided in the following 
sections. This includes iconic, functional and operational, deictic and metaphoric gestures.  

 
Figure 1: Synchronous gesticulation by P06, Cohort A 

2.2. Iconic gestures 
Iconic gestures are gestures that “bear a close formal relationship to the semantic content of speech” 
(McNeill 1992). This type of gesture was observed most when participants were expressing how a 
product, or intended product, is, or should be, used as well as size and scale of the product. Figure 2 
illustrates a participant using an iconic gesture. In this instance the participant is using his hands to 
reference the ‘form’ of the concept, holding it between his hands ‘virtually’.  

 
Figure 2: Designer using gesture to represent the form of a concept 

2.3. Mechanistic gestures 
Designers were observed using this type of gesture to provide what Visser (2009) refers to as ‘kinetic’ 
and ‘spatial’ representations. More specifically, kinetic gestures included mechanical and operational 
gestures in the context of this research. Operational gestures were used to represent how a product twists, 
bends or opens. Spatial gestures were used to represent size, volume and scale of products. 
A specific kinetic gesture observed throughout the studies was designers’ use of ‘mechanistic’ gestures. 
These gestures were complex and consisted of combinations of both ‘kinetic’ and ‘spatial’ 
representations. These have been summarized as ‘mechanistic’ because they most often occurred when a 
participant was trying to explain the function, size and/or operation of a concept all at once.  

2.4. Function and operational gestures  
Designers were observed using particular gestures to 'extract' the product from a sketch and used gesture 
to better explain the function and/or use of the product they were designing. They used gesture in these 
instances to provide volume and depth to the sketches on paper. For example, using gesture to show how 
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a product functions by pointing toward the page and using a hand to move down towards the page and 
‘into’ the sketch, then, lifting the hand off the page, essentially making the sketch 'virtual' by extracting it 
from the page. This concurs with Mewburn (2009) demonstrating how gesture helped to “mobilise 
concepts and ideas into ‘virtual objects’” (2009). 
Participants also frequently used gesture to reference ‘scalability’ of their concepts, which falls into the 
category of ‘spatial’ gestures (Visser 2009, Visser 2010). Figure 3 provides two examples of spatial 
gesture. Frame 1 occurs when one participant is explaining to the other what the material could be. He 
shows the “real slim line” concept by holding his hand close to his co-participant and holding his 
forefinger and thumb close together, as if virtually holding a thin piece of material. During the later 
stages, this same participant is also observed in Frame 2 using gesture to represent the size of an object. 
This gesture example highlights the precision used by designers in the structure of their gestures. This 
was observed to occur with ‘operational’ or ‘function’ related gestures specific to design–talk.  

 
Figure 3: Gestures representing ‘size’ and ‘volume’. Frame 1 (L), 00:36:05 and Frame 2 (R), 00:44:33 

2.5. Deictic gestures 
All ‘pointing’ related gestures were coded throughout each design activity. Pointing at sketches, notes, the 
computer screen, or product prop was used by designers to help redirect focus and is classified as a deictic 
gesture. This gesture type was the primary activity that facilitated the shared workspace and sketching 
that evolved between the two participants. Designers were observed pointing to either the computer 
screen, notes or sketches to direct their co-participants' attention. Designers pointed to specific ‘concrete’ 
items. For example, when they engaged in market research, one participant pointed directly to the 
computer screen to identify a particular component or a reference he feels worthy of his co-participant’s 
attention. In other instances, designers would reach across one another to point at a sketch on the other 
designer’s page. In each instance the co-designer’s attention is directed and focused on the ‘point’ that is 
being referred too, whether an image on the computer screen or sketch or product prop. 

3. Findings  

3.1. Spontaneous gestures by design teams 
Each design team that engaged in the design task explored design ideas using gesture, however, not all 
design teams used sketching as an ideation medium. For those that did sketch, the more they sketched the 
less they gestured and vice-versa. It is no particular surprise that when designers engage in one activity 
such as sketching they were less likely to do another activity, such as gesture. However, the significance 
of this finding is how designers communicate and work through the design task and convey their ideas 
using gesture. In addition, the relationship between gesture and the co-evolution approach of each design 
team is important.  
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In all, differences were found between design teams and their use of gesture and sketching during 
collaborative problem solving. Designers used both sketching and gestural interactions as a problem-
solving and communication tool. For example, design teams in Cohort B tended to talk about the 
overarching problem scope (i.e., defining the 'market') rather than narrowing down to specific product 
detail (i.e., size and/or form of a product). This approach was evident by the use of more metaphorical 
gestures by designers in Cohort B than those in Cohort A.   
Designers’ use of methods to help visualise their designs through sketching or models, is well 
documented. Rittel (1987) discusses how designers utilise tools such as sketching, diagrams and speech 
as media to support imagined thought processes. Understanding the role of gesture and specifically how 
designers use gesture to communicate and manipulate ideas is a significant output of this research. This 
finding helps to provide further insight into the reasoning of designers by outlining how designers use 
gesture as a flexible, adaptive tool because there is limited research into the use of gesture by designers. 
The few studies that do exist focus mostly on studies into architectural design meetings (Glock 2009, 
Visser 2009, Visser 2010), the architectural design studio (Mewburn 2009) and, or  specific gesture types 
such as pointing (Donovan et al. 2011). Research within the gesture domain focuses mostly on 
conversational analysis (McNeill 1992, 2005) and more specifically the role of gesture in sign language 
(see for example the work of Kendon 1981). Other work in this area is positioned mostly in the Human 
Computer Interaction (HCI) domain, focussing on user interface with gestural input devices, or, how 
multimedia can be used to capture gesture studies (for example gaming products like Kinetic as well as 
the studies at Delft University into gesture based modelling in HCI, see also van den Hoven and Mazalek 
2011); as well as research into the artificial intelligence domain (see Biswas and Fruchter 2007). While 
these studies indicate interest in the role of gesture in interactions between user and product as well as 
cognition, they do little to better understand the role of gesture during the early stages of design and in 
particular, early stage collaborative design. It is evident that gesturing during the design process facilitates 
a designers’ capacity to think-through design ideas. Particularly, designers in both cohorts were observed 
using gesture to create what appeared to be virtual representations of early stage design concepts. It is 
worth noting that in the context of this study, Sheilds (2003, 2006) definition of virtual is adopted, 
"virtual designates objects and states that exist but are not tangible, not 'concrete'" (Shields 2006, p.284). 
This means that ‘virtual’ is not limited to ‘digital’ environments, and therefore, gestural actions can be 
said to occur in the virtual environment (Kita 2000). This is interesting given that participants in each 
cohort were observed engaging with spontaneous gestures mostly to create ‘virtual’ artefacts suspended in 
air. This also relates well to what Mewburn (2009, p.156-157) observed in architecture studios, where she 
found “hands would leap free of the sketch and gestures would occur of the top of the paper” .  
Throughout this study it was observed that when a designer gestured a ‘virtual’ design, they appeared to 
handle it with great care and in doing so, commanded the attention of their co-participant. More notably, 
when one participant was gesturing, it was rare for the other participant to gesture or sketch at the same 
time. It is evident that ‘gesturing’ during design activity directs focus to particular design detail/s that are 
represented–by the gesture–at a particular point in time. Therefore, whenever a gesture occurred, unlike 
other behaviours, it was done so by one participant and was generally mutually exclusive to all other 
activities. Verbalisations in combination with synchronous gesticulations indicated an elevated moment of 
focus and attention by both participants during design activity. Essentially, this finding is reminiscent of 
the work of Edwards (2009) who looked at how gestures related to mathematical talk, specifically, 
fractions. It could be argued that, like mathematicians, designers have their own design–talk.  
It is clear designers use gesture as an extension to unarticulated elements in the design process. Given 
this, it is also important to acknowledge the ‘type’ of gestures used by designers and the associated 
reference for each gesture type. This is an area of research that has been underexplored and as a result, the 
findings of this study provide new insights and a foundation for future investigations to further understand 
the interaction between concept generation and early stage idea development. 
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3.2. Gestures, communicating solution scenarios 
A significant finding of this research is how design teams focus towards the ‘meta-narrative’ aspects of 
the discourse structure when working through design concepts. When exploring sustainability, for 
example, designers relied more on metaphoric gesticulations to help communicate solution-scenarios. 
This is important because a dynamic interaction between two modes of thinking (thinking for speaking 
and gesturing) is implied in metaphors (Müller 2007). Moreover, McNeill states that metaphoric gestures 
create images of abstractions (1992) and this is critical because as Müller asserts, in each gesture the 
abstract content is given a form in the imaging of objects, space, movement and the like (2007).  
Metaphoric gestures occurred frequently throughout each design activity. In every instance, gesture rarely 
occurred without speech. Developing a specific method to appropriately document and analyse the use of 
gesture in design helps to provide additional insights into cognitive processes of designers. Understanding 
the role of other gestures such as ‘deictic’ – pointing – gestures during early stage design activity is 
important because pointing does more than ensure joint focus of attention (Heiser, Tversky et al. 2004, 
see also Donovan et al. 2011 detailed earlier). Looking more closely at how participants used pointing to 
‘refocus’ the attention of their co-participants it becomes evident that the majority of pointing gestures 
occurred when participants were discussing the development of their design ideas using sketches. The 
relevance of pointing and sketches is provided in Heiser, Tversky and Silverman's (2004) work that 
looked at how people use 'pointing gestures' on maps. They found that people point to effectively trace 
the map to define the suggested routes along with a related gesture (2004). Moreover, Heiser et al. (2004) 
identify that gesturing on sketches also plays a critical role in proposing, comprehending, and altering 
routes and enable the establishment of the common ground necessary for effective decision-making and 
planning. Considering the relationship between pointing on maps and the implications on “decision 
making and planning”, it is plausible to suggest that research is needed to find out more about the role of 
deictic gesturing on sketches during idea development. This has the potential to contribute to a better 
understanding about the nature of collaborative design activity and how design teams, in particular, make 
decisions during the design process.  
Finally, designers in both cohorts were observed using gesture to communicate and present their thoughts 
through gesture. In some instances, the designers' gestures were ‘mechanical’ extensions to the sketches 
throughout the design activity. Moreover, gesture was a specifically unique activity observed throughout 
all design team interactions. In every instance – apart from a very few silent gestures – gestures were 
meant to be ‘performed’ and subsequently interpreted by the team member. This means that, unlike 
sketching which could be undertaken as an independent activity, gesture required the attention of both 
participants. It is apparent that gesture plays an important role during early stage design activity and there 
are clear links between co-evolution, gesture and sketching activities.  
Another critical output of this research is the finding that design teams use gesture similar to sketching 
during design tasks, as a problem-solving and communication tool. Future research may include an 
application of Goldschmidt’s Linkography technique (Goldschmidt 1990, Goldschmidt 1995, Gursoy and 
Ozkar 2010, Goldschmidt 2014), which would enable mapping of the relationship between sketching, 
gesture and ideation development.  

4. Conclusion 
It is evident that the role of gesticulations can be divided into two categories, (i) iconic, and (ii) 
metaphoric gesticulations. It was found that design teams discuss meta-narrative aspects of the discourse 
structure when working through design concepts. As a result, designers rely on metaphoric gesticulations 
to help communicate solution-scenarios. It was found that while the design teams in Cohort A relied 
heavily on iconic gestures to represent concepts operation, function and/or usability aspects, designers in 
Cohort B used these representations much less frequently and instead, relied on metaphoric gesture 
representations when working through the design task. This finding has the potential to influence future 
research into design activity because the importance of gesture and its role in shaping, forming and 
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developing ideas throughout the ideation process during early stage design activity, is relatively under 
explored (Visser 2009; Donovan et al. 2011).  
Opportunities for future research to better understand the role of gesture in design are obvious. The 
findings from this research provide a contribution toward understanding the role of gesture during early 
stage design activity. Future research to better define the relationship between gesture type, gestural 
sequence (or combination of gestures) and design activities will provide additional rich understandings of 
the role of gesture in design as a creative, collaborative and communicative design tool. Furthermore, 
future research should look at the ways in which design criteria (such as sustainability) prompt designers 
to use distinctly different gesture categories, specifically, designers’ use of metaphoric gestures. This 
research area could centre on the contributions to knowledge including design collaboration, teamwork, 
decision-making, design cognition and creativity.  
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