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Abstract. This paper outlines some interests shared by cybernetics 
and design research that are incompatible with the ideals of natural 
science. The experimental design of an ongoing research-into-design 
study is presented, which aims to bridge the aforementioned incom-
patibility. The study investigates the degree of congruency between 
perceptions of “creative direction giving” between collaborating de-
signers. Pilot study results indicate low congruencies, possibly due to 
designers’ lack of sensitivity towards their team dynamics. The meth-
ods applied in the study were chosen to accommodate both the cyber-
netic and the natural science perspective. 
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1. Introduction  

Over the past decades, ‘second-order’ cybernetics emerged from an initial, 
‘first-order’, more determinist, and more ‘scientific’ approach to feedback 
and control mechanisms, as a “much gentler and more introspective subject” 
(Glanville, 1999). During this time, the new cybernetics developed overlap-
ping interests with design research, which include an understanding of de-
signing as a circularly-causal conversation (Pask, 1976) in which control as 
well as novelty can be explained in relation to input and output variety (Ash-
by, 1956; Glanville, 2000). Today, cybernetics is a member of a family of 
systems traditions, whose underlying assumptions diverge to different de-
grees from the ideals of conventional natural science. 

Dent and Umpleby (1998) examine a cross-section of six systems tradi-
tions with regards to eight such assumptions, each of which represents a de-
parture from conventional natural science. Their findings are summarised in 
Table 1 below. In this analysis cybernetics is synonymous to second-order 



20 T. FISCHER 

cybernetics, as approached by Maturana and Varela (1987). Amongst the six 
systems traditions analysed, as shown in Table 1, cybernetics can be consid-
ered the furthest and the most radical departure from natural science in that it 
deviates most consistently from conventional scientific notions and ideals. 

Table 1. Eight dimensions of six systems traditions (reproduced from Silverman, 2012). 

 
 

The eight dimensions of this departure happen to also largely define over-
laps between interests of cybernetics and design research. These key con-
cerns shared by cybernetics and design research thus lie outside of notions 
recognised by conventional natural science. While ‘softer’ scientific ap-
proaches are increasingly accommodating towards some of the eight dimen-
sions listed above, such as the recognition of relationships and holism, other 
items on the list continue to meet scepticism and opposition outside of cy-
bernetics and design research. Chiefly, these are the indeterminable nature of 
design processes (Glanville, 1992), the recognition of circular causality in 
designing (Glanville, 2000), and designers’ subjective participant-observer 
perspective (Krippendorff, 2006; Ebenreuter, 2007). 

The remaining parts of this paper address these departures from the ideals 
of natural science in the context of research into design (Frayling, 1993/94). 
They examine processes of design collaboration in which designers work 
with one another in close-coupled ongoing interactions, as opposed to design 
co-operation in which designers divide design tasks into subtasks to be ad-
dressed individually (Kvan, 2000). 
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It should be noted that researchers at the intersection between second-order 
cybernetics and design research have proposed an elegant solution for the 
above-mentioned incompatibility between cybernetic assumptions and de-
sign research concerns on the one hand, and conventional natural science on 
the other hand, by embedding the scientific paradigm within the design par-
adigm, as opposed to the other way around (Glanville, 1999; Jonas, 2007). 

Dent and Umpleby (1998) put forward the eight dimensions listed in Ta-
ble 1 as directed movements along gradients (“from x to y”), suggesting the 
possibility of nuanced navigation. Practically, however, these are challeng-
ing gradients to navigate or negotiate. More often than not they end up ap-
proached as mutually-exclusive questions of principle, prompting pledges of 
disciplinary allegiance. Research that takes a clear position with respect to, 
the linear/circular dimension, the determinism/indeterminism dimension or 
the objective/subjective dimension is bound to be met with rejection from 
those on the respective other side. Thus, instead of being jointly investigated 
and explored, some of the more interesting basic philosophical challenges of 
design research wind up trapped in a rigid divide. The research project pre-
sented below is in part motivated by a desire to establish a common ground 
in respect of at least the linear/circular dimension, the determin-
ism/indeterminism dimension, and the objective/subjective dimension. These 
three dimensions are discussed briefly in the next three sections, followed by 
an outline of the project’s experimental design and preliminary results ob-
tained from a pilot study. 

2. Linear and circular causality  

Aiming to describe, to predict and to control phenomena, science is valued 
when its results and findings are put forward in unambiguous, conclusive 
terms. This is challenging where phenomena are “going on” dynamically 
with reference to themselves. Circular relationships are broken into linear 
arcs, which can then be tackled with the linear, syllogistic tools of scientific 
description. The remaining arcs of described relationships, as well as the cir-
cular nature of the phenomena in question are ignored for the benefit of sci-
entific clarity: We tend to describe the bi-metal switch as controlling the fur-
nace, while ignoring the furnace also controlling the bi-metal switch. We 
describe designers putting ideas into sketches, or sketches putting ideas into 
designers, but rarely do we describe both these processes at once (Fischer, 
2009, 2010). The process of one or more designers inspiring themselves or 
one another, either verbally or through some other expressive medium, in 
cycles of articulation and perception has been recognised by design re-
searchers who describe design inquiry as an “argumentative” “conspiracy”, 
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characterised by a “symmetry of ignorance” (Rittel, 1984, pp. 320, 325, 
327), as “dialectical” (Goldschmidt, 1991), as “discursive” (Goel, 1995, p. 
166), as a “dialogue” (Schön, 1983, p. 68) or “dialogical” (Snodgrass and 
Coyne, 2006, pp. 41ff.), as “conversation” (Jones, 1992, p. 73; Glanville, 
1999, p. 88 based on Pask, 1976, p. 424) and as “negotiation” (Lawson, 
2005, pp. 269-271). However, recognition of the circular nature of design 
processes poses inconveniences to linear scientific description and analysis, 
and thus tends to receive less recognition in academic research than might be 
due (Fischer, 2009). 

3. Subjective and objective viewpoints  

The ideal of (not only natural) science also demands that subjects of scien-
tific research be observable and observations thus be objectively verifiable. I 
have outlined in Fischer (2008) that this is very challenging in the case of at 
least some aspects of design activity. The challenge can be outlined based on 
a distinction proposed by Cross (1977, pp. 141-142) between two kinds of 
design activity: “hackwork” and “magic”. These relate directly to “articula-
tion” and “perception” in the aforementioned cycle: “Hackwork” describes 
observable activities of designers such as the expression of verbal state-
ments, the production of sketches and drawings or the manipulation of tools. 
“Magic” refers to non-observable internal activities of designers such as hav-
ing ideas, drawing analogies, aesthetic judging, experiencing inspiration or 
perceiving team dynamics. “Magic”, evading observation, poses challenges 
to empirical study from an objective viewpoint. Interviewing designers about 
their design processes retrospectively after these processes have finished has 
been shown to be unreliable (Hsu and Fischer, 2011). The study presented 
below addresses this challenge by asking designers to continuously self-
observe in team design processes. Recordings of these self-observations are 
then correlated quantitatively and visually, while no claims are made with 
regards to what is “objectively” happening in the dynamics of each team. 

4. Determinism and indeterminism 

The conventional ideal of science is furthermore based on the notion of de-
terminability. Variables influencing observed phenomena are to be con-
trolled to the point that observations are predictable and causal effects re-
peatable. Designing, however, aims precisely to be not determinable. To the 
same input (design briefs for example), two designers will offer two differ-
ent responses. Briefing the same designer with the same task twice will also 
lead to two different outcomes because the second time around, one would 
be facing a different designer – one who was subjected to their own first de-
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sign process and outcome, which left traces in them and thus changed them. 
In this sense, one cannot design the same thing twice (Fischer, 2012) and 
conclusions drawn from the observation of one design process may not be 
generalisable or applicable to another.  

5. Research questions and variables 

Second-order cybernetics describes designing as an interactive (circular) 
conversation (Glanville, 1999, p. 88). As the Latin root of the word conver-
sation suggests (con-versare = to turn together, i.e. to dance), designing, in 
this view, is a subtle process of moving and being moved. An analogy to the 
essential scenario of two design collaborators would be two ballroom danc-
ers. At any point during a dance or a design processes, the sum of the mov-
ing and the being moved between conversant pairs can be imagined as a re-
sultant force vector with a direction and a magnitude. In the following, such 
imagined direction-giving vectors will be referred to as “creative vectors”. In 
negotiating their moving and being moved, ballroom dancers can refer to 
immediate physical cues. Insufficient mutual perceptiveness towards these 
cues will cause a dance to unfold less smoothly, which will, at least to some 
extent, be obvious to external observers. Design collaborators, in contrast, 
must negotiate their moving and being moved without such immediate phys-
ical cues. They hence require an intuitive perceptiveness towards each oth-
er’s changing readiness to offer and to accept creative impulses, allowing 
them to act together. In design, I argue, perceptions of this kind mostly 
evade external observation and lie within the realm of “magic”, as discussed 
above. Collaborating designers, and external observers, may find it hard to 
determine the degree to which an unfolding collaborative design process is 
enabled or hampered by sufficient or insufficient perceptiveness towards 
creative moving and being moved. 

To what extent does one design collaborator’s perception of their collabo-
ration’s “creative vector” allow the prediction of “creative vectors” per-
ceived simultaneously by his/her design collaborators engaged in the same 
process? Or: How capable are designers of forming congruent perceptions of 
the creative dynamics of their collaborations? A forthcoming full-scale study 
will investigate this question in relation to several variables which are gath-
ered via participant surveys, including design discipline (industrial, architec-
tural etc.), design experience (novice vs. expert), experience in design col-
laboration (number of previous collaborative projects), joint design 
experience of multiple collaborators (number of previous joint collaborative 
projects), gender, cultural background, and number of siblings. 
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6. Experimental design and data acquisition 

The study examines design processes of teams with three participants who 
are first briefed on, and then engaged in a joint design project of 1.5 to 2 
hours. Over this period, each of the three collaborators acts as a participant 
observer and continuously tracks the changing “creative vector” of his/her 
team. Time series of these vectors are then correlated. Since correlation (be 
it applied to scalar or vector data) is only possible between two data sets at a 
time, investigating teams of three instead of the essential scenario of two 
mentioned above yields twice as many correlations (6 subjects in 3 teams of 
2 yield 3 correlations, while 6 subjects in 2 teams of 3 yield 6 correlations). 
Experimental designs based on groups of four or more collaborating design-
ers were not considered as they would introduce unwanted geometric ambi-
guities. Data acquisition is accomplished with a joystick-like user interface, 
which, as shown in Figure 1, is mounted upside-down under the table top of 
each of three collaborating designers’ work places. 

 

 
Figure 1: Joystick interfaces (left), under triangular table (centre) and in a field study (right). 

The three designers face each other around one table, forming an ideally 
equilateral triangular configuration. Each of the three joysticks can be moved 
within a triangular range, whereas each vertex of each joystick’s triangular 
range corresponds to the directions of the three designers. In this way, the 
team can collaborate on a given design project on top of the table, while each 
designer is able to point into the direction of (or between) members of the 
team using the joysticks under the table. Besides registering direction, the 
joysticks also register magnitude on a continuous scale, yielding vector data. 
This allows the recording of the designer’s “creative vector” perceptions in 
the form of two-dimensional vector data throughout the design process. The 
joysticks are of a non-self-centring, analogue type. Their internal friction en-
sures that they can be left unattended in the position they were set to until a 
later manipulation. Throughout each team’s design process, vector readings 
gathered from all three joysticks are sampled at a frequency of 1 Hz, correct-
ed from the triangular joystick range to unit circle range, and recorded. 



 DESIGN RESEARCH BETWEEN DIFFERENT RESEARCH TRADITIONS 25 

7. Subject briefing 

Each of the observed collaborative design processes is preceded by a brief-
ing stage, which introduces participants to the design brief, to their self-
observation task and the interface used for this task. The briefing guides par-
ticipants so as to minimise effects of the measuring on that which is meas-
ured. The briefing stage breaks down into a team briefing and an individual 
briefing. In the initial team briefing each team is assembled around the table 
and introduced to the design brief, which is handed to them as a printed doc-
ument and explained in general terms. It is made clear at this time that the 
team is expected to collaborate and to achieve one joint design proposal. The 
project brief contains under-defined, open-ended elements that require the 
team to negotiate their joint approach and objectives as a part of their collab-
orative design process. Questions (if any) are answered by the experimenter 
and participants are invited to familiarise themselves with how the triangular 
range of each participant’s joystick corresponds to the location of the three 
designers around the table. While the participants are invited to talk about 
their joint design project, they are asked not to talk about their in-situ obser-
vation and about their joystick manipulation during their design process. 

At the following individual briefing stage, designers are briefed one-by-
one on their self-observation task. They are introduced to six possible cate-
gories of design group dynamics: Initiative, technical facilitation, task satis-
faction, creative direction-giving, inspiration and social mediation. The un-
derstanding of these categories as “vectors” that change during the design 
process as well as the use of the joystick interface is carefully explained to 
each participant. Every participant is tasked with observing and inputting 
their perception of the “creative vector” (creative direction giving), and left 
with the impression that his/her two team mates will observe and input two 
other unnamed categories of group dynamics. In this way, participants have 
no basis to interpret their collaborators’ joystick manipulations if these hap-
pen to be obvious. The designers are briefed to keep the position of their joy-
sticks up-do-date with their own “creative vector” perception throughout the 
design process as continuously as possible. Each team is then given 1.5 to 2 
hours time to work on the project and readings from all three joysticks are 
recorded throughout this period. 

8. Pilot study and data analysis 

Data obtained in a pilot study with 45 Masters students yielded usable data 
of 40 correlations, which was analysed both quantitatively (vector correla-
tion, “proportion of agreement”) and qualitatively (data set visualisations). 
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The vector correlation method applied is based on Hanson et al. (1992). Un-
like the standard statistical correlation method, this method takes into ac-
count both magnitude and direction components of vector data to determine 
the correlation between two given sets of vector data with results ranging be-
tween -1 (perfect negative correlation), 0 (no correlation) and 1 (perfect 
positive correlation). In the context of this study, higher correlation indicates 
greater congruency between “creative vectors” perceived by collaborating 
designers. Results of the pilot study show mixed and generally weak correla-
tions (right of Figure 2 below), indicating a lack of ability to form consistent 
views on creative direction giving within design teams. 

Proportion of agreement is the percentage of data points (three simulta-
neous joystick readings) at which all three participants specify the same 
“creative vector” direction, within a specified margin of tolerance. In the 
context of this study, higher proportions of agreement indicate greater con-
gruency between “creative vectors” perceived by collaborating designers. 
Only 4.66% of the 51,162 usable data points recorded in the pilot study show 
all three collaborators pointing in the same direction, within a 20° tolerance 
margin, echoing the low level of congruency found using vector correlation. 
The future full-scale study will also require every team to perform a pointing 
exercise to determine the margin within which each team can be expected to 
point their joysticks consistently. 

 
Figure 2. Time series sampled from 3 joysticks (detail, left) and 40 correlations (right). 

Data visualisation can be achieved in several ways. In one approach, data 
points are rendered in the form of straight lines whose lengths and angles 
correspond to magnitudes and directions of three joystick vector readings, in 
three rows, along a horizontal axis representing time. This allows for the 
visual inspection and identification of possible patterns in addition to the 
numerical methods outlined above (the left of Figure 2 shows a detail of a 
vector series visualisation of data obtained in the pilot study). In the context 
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of this study, similar vector patterns acquired from multiple participants of 
the same group indicate greater congruency between “creative vectors” per-
ceived by collaborating designers. Similar to the quantitative methods, this 
method indicates low levels of congruency between “creative vectors” rec-
orded by the collaborating designers in the pilot study. 

The pilot study suggests methodological developments and refinements 
for the full-scale study, including chiefly an additional pointing exercise to 
determine tolerance margins for proportion-of-agreement evaluations, and 
the identification of the independent variables listed at the end of section 5 
above, which will be investigated in the future full-scale study. 

9. Conclusion 

The presented research into design study is positioned at the intersection be-
tween cybernetics and design research. It assumes a conversational metaphor 
for designing and investigates the level of congruency between individual 
designers’ perceptions of creative direction-giving within collaborative de-
sign teams. For this purpose, the concept of “creative vectors”, a measure-
ment interface for acquiring “creative vector” data, and several data analysis 
methods were introduced. Results from a pilot study indicate only low levels 
of congruency between individual designers’ perceptions of creative direc-
tion-giving in design teams. This may reflect a low level of perceptiveness of 
collaborating designers towards each other’s readiness to offer and to accept 
creative impulses, or it may reflect shortcomings of the new self-observation 
and data analysis approach used in the study. A larger-scale study based on 
the same approach and refined methods (correlation with secondary varia-
bles acquired via a survey, and measurement of pointing consistency within 
teams) will be conducted in due course. 

Acquired data based on subjective self-observation of perceived creative 
direction-giving within circularly-causal design conversations was correlated 
“objectively” to identify degrees of congruency between different designers. 
No claims were attempted regarding “actual” or “objective” creative direc-
tion-giving within the observed teams. While the outcomes of design pro-
cesses are taken to be indeterminable, the study seeks data from larger sam-
ples of designers, which are expected to allow generalisations 
(determinability at statistical levels) beyond the studied sample. It is hoped 
that this study’s positioning with regards to the linear/circular dimension, the 
determinism/indeterminism dimension, and the objective/subjective dimen-
sion listed by Dent and Umpleby (1998), creates common ground between 
advocates of rigorous design research from both the cybernetics and the nat-
ural science perspective. 
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