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ABSTRACT: The usefulness for design of results from laboratory-based studies of people’s perception of and 
response to separate variables of the sensory environment has been questioned.  Nevertheless, studies of 
more complex situations involving interactions between two or more of these variables have used similar 
experimental techniques, leading to a collection of inconsistent outcomes.  Recent research in cognitive 
science and neuroscience has produced insights which provide a basis for examining flaws inherent in all 
such laboratory-based studies.  These flaws are evaluated, alternative approaches to these studies are 
suggested and briefly discussed, and the implications, both for the way in which this information is provided to 
design practitioners and for the education of these practitioners, are considered. 
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INTRODUCTION 
 
A Report published recently by the Commission 
Internationale de l’Éclairage (CIE) (Laurentin and 
Fontoynont 2000) reviewed experiments into the effects 
of air temperature on visual perception or preferences 
and, conversely, the effects of light characteristics on 
thermal perception.  It reported that most experiments 
showed either a lack of or inconclusive interactions, and 
that where evidence of interactions was found there was 
disagreement between authors.  These results are in 
conflict with most people’s experience of the natural 
environment but this point was not addressed in the 
report, although it was noted that most studies were 
performed in experimental chambers with only artificial 
lighting.  Since the report concludes with a proposal to 
extend this type of study to include the use of  chambers 
with “real windows” that would permit a view out as well 
as admit daylight, it seems appropriate to subject the 
reviewed experiments to a more searching critique.  This 
paper presents that critique in the context of a more 
general appraisal of chamber studies and similar 
laboratory-based approaches to the study of people’s 
responses to and interaction with their physical 
environment.  The discussion is then extended to include 
input from current research in environmental psychology, 
cognitive science and neuroscience.  Alternative 
approaches to these laboratory-based studies are 
outlined, with particular concern about the quality of 
outcomes when exploring more complex sensory 
responses to the environment.  The implications for 
architectural education are also explored, including the 
focussing of education upon enhancing the ability of 
professional architects to integrate the results from 
simplified laboratory studies when designing for complex 
sensory interactions with the environment, rather than 
rely on laboratory studies to attempt to provide reliable 
guidelines for such design. 
 
1. CRITIQUE OF ENVIRONMENTAL CHAMBER 
STUDIES 
 
1.1. Climate chambers 
Climate chambers have been in use for over 80 years as 
a significant tool in thermal comfort research, with the 

subsequent development of the air-conditioning industry 
providing a further impetus for studies that included the 
influence of relative humidity on comfort.  The 
experimental techniques were entirely in accord with the 
best scientific practice of the day: the generation of 
reproducible results by well-focussed studies in which all 
unwanted variables were controlled, to prevent them 
from affecting the results, and (where possible) the 
variables of interest were carefully changed just one at a 
time.  A former protagonist of climate chamber studies 
has subsequently commented that by examining thermal 
comfort in isolation from other factors, “this essentially 
reductionist approach disregards some important but ill-
understood factors affecting thermal comfort” (McIntyre 
1982:89). 
McIntyre has identified a number of problems or 
difficulties with experiments conducted in a climate 
chamber. Subjects are given one of a number of 
available 7 point rating scales for evaluating thermal 
sensation or thermal comfort and it has been found that 
the meaning of the words used in these rating scales is 
modified by each subject’s thermal experience.  It is also 
found that culture and climate affect the subjects’ 
description of sensation, even though they do not 
necessarily affect the sensation itself, and there is 
evidence that the use of warmth descriptions changes 
with season.  The experiments are normally set up to 
determine thermal neutrality and do not lend themselves 
readily to revealing the (for some, much more 
interesting) requirements for thermal pleasure or delight.  
The optimum conditions revealed by any experiment will 
only represent an average over a large group of subjects 
and not all people will necessarily be comfortable in 
these conditions. 
In response to the design problem created by this last 
point, Fanger (1972) analysed the data obtained from 
chamber studies in Copenhagen to produce a graph 
showing how the Predicted Percentage Dissatisfied 
(PPD) varied with temperature deviation from the 
optimum.  As McIntyre (1982:91) points out, the graph 
seems to demonstrate the importance of maintaining 
close control over temperature in a multi-occupied 
space, in order to keep the percentage of dissatisfied 
occupants to a minimum, despite the flexible response of 
individuals to temperature.  He also notes that Fanger’s 
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data shows that there is no affect on the preferred 
temperature of a group of people by either country, 
season or thermal experience, a result which is 
confounded by the outcome of an analysis of field 
studies of thermal comfort by Humphreys (1975, 1978).  
Humphreys (1975:26) has (rather mildly) suggested that 
the discrepancy between the real world and the climate 
chamber studies is that the latter “seem to make too little 
allowance for people’s adaptability to variations in their 
thermal environment”. 
There are three further considerations in terms of which 
a critique of the experimental situation and technique 
associated with climate chamber studies can readily be 
expanded to include any laboratory-based studies of the 
way in which people perceive and respond to their 
physical environment, such as aspects of lighting and 
colour and the acoustic characteristics of a space.  The 
first is that the test chamber itself and the activities (if 
any) undertaken by the subjects in that chamber are 
most unlikely to bear any significant resemblance to 
spaces and activities in the real world for which the 
research findings are likely to be used.  A traditional 
climate chamber could be festooned with sufficient 
monitoring instruments to record not only the principal 
thermal variables but also gather enough data to 
determine gradients in these values across the chamber.  
It is only relatively recently that smaller digital 
instruments could have been more discreetly employed.   
A lighting test room could have an array of alternative 
sources available on different circuits, although others 
would have provision for quick changes to be made to 
lamps in a smaller array of luminaires.  The experimental 
situation in many studies of lighting and vision did not 
use a chamber as such but rather required the subjects 
to look through a slot into an illuminated model of a 
room, or even just an illuminated box.  A detailed critique 
of this approach has been presented elsewhere (Willey 
1999).   
Most environmental chambers would be windowless and 
enclosed within the laboratory.  This means that the 
subjects would not experience any sense of going into a 
realistic, everyday space.  Some climate chamber 
studies have involved only a few minutes and others 
would be unlikely to be long enough for any activity to 
acquire a sense of everyday reality.   
The second point is that subjects were often alone in the 
chamber, limited to reading if any activity at all was 
provided for.  While some experiments reported that 
efforts were made to avoid drawing the subjects’ 
attention to the true nature of the study, most inevitably 
required the subjects to indicate in some way their 
response to some aspect of the physical environment – 
voting on a 7-point scale, operating a switch or adjusting 
dimmer controls.  This has the effect of providing little to 
distract the attention of the subject from the chamber that 
they are in, and then of focussing their attention on some 
aspect of the environment in that chamber. 
The third point is that however extensive the experience 
that the subjects might have of interior environments of 
the type commonly studied in environmental chambers 
(i.e. non-domestic, commercial or institutional interiors), 
the need to describe the simulated interiors in a climate 
chamber or respond to questions about them may be 
very difficult.  A layperson may not have developed an 
overview but be restricted to offering a limited set of 
naïve observations – naïve in the sense of not having 
previously needed to develop an in-depth articulation of 
their response to such an environment.  Faced with this 
possibility in the study of glare, Petherbridge and 
Hopkinson (1950) used trained observers rather than 
naïve subjects, and even then rejected data from those 
observers who were unable to make consistent 

appraisals under constant conditions. 
The upshot has been that these test chambers provided 
an artificial environment, unlike any other that the 
subjects had experienced or would experience, and the 
environment in the chamber became an unnatural focus 
of their attention rather than a background factor to 
which their attention would normally be drawn only if it 
went outside the range to which they could 
subconsciously adapt.  When asked to describe or 
evaluate some aspect of the environment, many would 
have been unable to adequately articulate their 
response.  While the results of such studies can still 
provide a valuable resource and enhance both our 
knowledge and understanding, to expect these results to 
be immediately applicable in a design situation could be 
considered an example of supreme optimism or even 
impertinence. 
 
1.2. More complex studies in laboratory settings 
It is common experience that we do not respond to 
sensory variables in the natural environment in the non-
interactive and independently-varying way in which they 
are presented to subjects in most of the environmental 
chamber studies described above.  Changes in visual 
stimuli are associated with corresponding changes in 
thermal stimuli; longer-wavelength colours are commonly 
associated with warmth while shorter-wavelength colours 
are associated with coolness.  For example, we 
associate the bright light of strong daylight with a gain in 
heat from radiation, if we are standing in sunlight, but we 
can seek shelter and coolness in a shaded place 
because of the complementary association of shade to 
coolness.  However, our understanding can be shown to 
be more complex than this when we find no difficulty in 
accepting that a masonry wall which has been exposed 
to strong sunlight but which is now offering a patch of 
shade is nevertheless going to warm us if we stand 
beside it.  Similarly, although we associate the redness 
of a burning log fire with a warming effect, we also 
associate the redness of a sunrise or sunset with 
coolness.  The associations we expect to find between 
sensory variables are context dependent, and our 
expectations are based on long-term experience. 
A number of scientists have nevertheless found it 
important and necessary to check the validity of these 
associations for the environment within buildings, and if 
verified to check their consistency and strength.  Various 
reasons are offered, but a frequently-occurring one is 
that the data may suggest ways of economising on 
energy used for heating.  The experiments have been 
laboratory-based, often using an environmental chamber 
originally set up to explore a single aspect of the 
environment (often warmth) but now pressed into service 
to study interactions between two aspects of the 
environment (e.g. warmth and the colour or amount of 
light).  It would not be unexpected to find that some of 
the problems and difficulties encountered when studying 
single variables in these chambers are present, if not 
compounded, when studying the interactions between 
two or more variables. 
The CIE Report referred to in the Introduction (Laurentin 
and Fontoynont 2000) surveyed 21 studies of the 
interactions between various aspects of the thermal and 
visual environments.  A sample of these have been 
reassessed for this paper, revealing evidence of the 
usual problems.  More significantly, the CIE Report itself 
is prone to error – for example, using the terms thermal 
perception, thermal sensation, thermal comfort, thermal 
pleasantness, thermal tolerance and thermal preference 
as if they were inter-changeable.  In both the Report and 
a paper describing their own studies (Laurentin, Berrutto 
and Fontoynont 2000), the authors state that “we can 
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suppose that the effect of odour on visual perception is 
non-existent”, on the grounds that no results from any 
experiments related to this have been published!  In fact 
there is a wealth of published material on human 
olfaction, well-summarised in terms of both biological fact 
and subjective human experience by Stoddart (1990).  
While the human sense of smell has now become 
vestigial, odour nevertheless continues to play a 
significant role in our cognitive world, adding to visual, 
auditory and thermal inputs as we interact with the 
natural, social and built environments.  Perhaps the 
significance of its contribution to our experience of the 
world around us would not be adequately comprehended 
unless we encountered a setting from which it was 
absent – a seaside without the smell of salty air, hot 
coffee without any aroma?  Scented gardens are an 
important component of Islamic architecture, serving not 
only as an element of sensory beauty in themselves but 
also drawing attention to the existence of otherwise 
imperceptible air movement as this air is drawn into a 
building and enhancing the feeling of coolness that this 
produces.  Such matters of interactive perception will be 
returned to briefly in a discussion of insights from 
cognitive science and neuroscience. 
Four of the papers reviewed in the CIE Report can be 
usefully commented on.  Bennett and Rey (1972) used a 
climate chamber to search for any influence of colour on 
thermal comfort, but the procedure consisted of varying 
the wall temperatures in the chamber while the subjects 
wore red, blue or clear goggles.  While the strategy was 
commendably economical in equipment costs, the clearly 
unnatural way in which the visual information was 
coloured would hardly trigger any interaction or call-up 
any memory of associations between colour and thermal 
comfort.  Under the circumstances, the null result is 
hardly surprising. 
In a study carried out at the University of Queensland, 
Kearney (1966) used direct comparisons of pairs of 
visual stimuli under three different thermal conditions.  
There were 12 single stimuli, consisting of combinations 
of four hues (red, blue, green and yellow) and three 
levels of brightness, from slides projected onto a divided 
screen.  The three thermal conditions were “hot” (37 to 
43˚C), “cool” (15 to 17˚C) and “cold” (–5 to –0˚C).  
Comfort votes were recorded in each set of conditions.  
In the two extreme conditions, Kearney found that 
preferences were influenced by hue and not by 
brightness; in the “cold” condition, preferences were 
positively correlated with the wavelength of light and in 
the “hot” condition, preferences were inversely related to 
wavelength.  Under “cool”! conditions, no significant 
relationships were found.  The comfort votes indicated 
that the two extreme conditions were “somewhat 
stressful to the subjects” and Kearney suggests that this 
led to “more exaggerated and uniform preferences” 
being observed.  He conjectures that the “cool” condition 
was not only not stressful but “almost comfortable” (the 
experiment was carried out in Brisbane in winter) and 
that preferences were determined by non-physical 
factors, leading to individual variations based on such 
factors as “personal experiences, emotional states, 
fashion, popular tastes, etc”.  The difference between the 
observations in the two extreme conditions and those in 
“cool” conditions is probably the most significant 
outcome of this experiment but Laurentin and 
Fontoynont (2002) have completely missed this; in fact, 
in summarising Kearney’s results they refer only to two 
thermal conditions rather than three, and incorrectly label 
them “cool” and “warm” when it is clear from the results 
they associate with these alleged conditions that they are 
referring to Kearney’s “cold” and “hot” conditions.  (They 
then proceed to compare these results with those for 

other authors who used “cool” and “warm” conditions.) 
On the other hand, the laboratory setting used by 
Kearney is similar in character (involving concentrating 
the subjects’ attention on the stimuli of interest) to that 
used by Petherbridge and Hopkinson (1950) for their 
investigation of glare (without, however, resorting to 
training the subjects) and the outcomes should carry a 
similar caveat.  Petherbridge and Hopkinson advised that 
their studies 

…were directed more towards an extended knowledge of the 
relationship between the various physical factors which 
govern discomfort from glare, rather than towards prescribing 
the precise values of these factors associated with any 
specific degree of discomfort. 

It is clear that those using climate chambers or other 
laboratory setting to study thermal comfort or the 
relationship between thermal and visual stimuli should 
have provided and heeded similar advice in the 
interpretation of their findings, but it is highly probable 
that this never occurred to many if not all of them. 
Wright (1962) has provided his own critique of previous 
studies that have set out to test what he calls the 
“widespread and ancient” belief that colour can affect 
apparent warmth.  He found a major shortcoming in the 
failure of these studies to deal explicitly with the three 
basic perceptual dimensions of colour: hue, brightness 
(or lightness) and saturation.  He used 45 different 
colours plus black, white and grey, presented in daylight 
to the subjects as a single 75 mm square of matte 
surface colour against a neutral background.  The 
judgements were made on 7-point semantic differential 
scales.  There was no change in temperature during the 
study.  Wright summarised his findings with the following 
remarks:  “There is a well-defined hue-effect on apparent 
warmth, independent of lightness or saturation”; “The 
effects of lightness and saturation…are less definitive 
than the effect of hue”; “…increasing ratings of warmth 
corresponded with increasing saturation”.  He goes on to 
say 

The effect of hue on apparent warmth seems to be 
established beyond the need for further research.  The 
effects of lightness and saturation, however, while strongly 
implied, still need additional study. 

The confidence expressed in this conclusion needs, 
again, to be tempered by the advice of Petherbridge and 
Hopkinson. 
A different type of study was carried out by Berry (1961).  
He required the subjects to engage in a task which would 
have absorbed much of their attention.  They used 
standard automobile controls to guide the motion of a 
model car on an endless-belt roadway; a task based on 
a simulator approach to driving instruction.  The roadway 
was in front of the controls and sloped upwards away 
from the subject.  The setting was in a space 
approximately 1.2 m x 3.0 m and painted white.  The 
ceiling height was 2.4 m at the end behind the subject, 
sloping down to just 1.5 m at the end faced by the 
subject.  The ceiling itself was translucent, lit from above 
by, alternately, blue fluorescent lamps or daylight white 
lamps, the latter either bare or covered with yellow, 
amber or green theatrical gels.  The intended effect was 
a noticeably coloured illumination of the room that 
changed with each trial.  During the trials, the air 
temperature was raised from 22.2˚C at the rate of 1.1˚C 
per minute by six 1000 watt blower-heaters that were 
claimed to be concealed in the room.  The subjects were 
asked to indicate when they began to feel uncomfortably 
warm.  It was claimed that the “subjects were unaware of 
the experimenter’s interest in their judgments of comfort 
and temperature”.  The sloping ceiling was designed to 
force the subjects to include a significant part of the 
lighting diffuser in their field of vision and from the results 
it was concluded that the colour of illumination did not 
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influence the temperature at which the subjects indicated 
the onset of discomfort.  The report makes no mention of 
the possible effect of any differences in the clothing worn 
by the subjects, the degree to which each subject 
monitored the warmth in the space while concentrating 
on guiding the model car, and the possible effects of 
perceptual constancy on the apparent colour of the 
illumination.  While these omissions could be discussed 
at some length, a potentially more significant point would 
be the unquestioned assumption that the subjects must 
notice the colour of the ceiling because the ceiling was 
forced to be in their field of view; and this point will be 
discussed in the next section. 
 
2. INPUT FROM COGNITIVE SCIENCE AND 
NEUROSCIENCE 
 
2.1. Change blindness, inattentional blindness and 
visual short term memory 
As we look around us, we experience a visual world that 
is rich in detail.  Nevertheless, recent research suggests 
that we retain little, if any, of this detail as we move from 
one view (or eye fixation) to the next, and may not have 
been aware of much of this detail anyway.  The lack of 
retained detail shows clearly in the frequency with which 
changes in detail go unnoticed, a phenomenon known as 
“change blindness” (Simons 1996, 2000a; Simons and 
Levin 2003).  This observed limit in ability to store object 
detail is not contradicted by a much greater ability to 
store and recall large numbers of visual images over 
long periods of time (tens of thousands of images in 
some cases) – the latter ability depends on a stored 
representation of the spatial character of the observed 
scene or picture, rather than on stored information about 
the properties of objects in that picture.  The observation 
that we have only sparse representations rather than 
detailed internal representations of the visual world has 
been subject to theoretical discussion.  One hypothesis 
has been that we do not need to build an internal 
representation because the visual world can be 
accessed when needed and has sufficient stability for 
most purposes.  The concept of an “outside memory” 
(O’Regan, 1992) serves an analogous role to the virtual 
memory in a computer.  It acts as a storehouse of visual 
information and reduces the need to rely on internal 
representation, while not necessarily making the 
sparseness of the internal representation evident to the 
observer.  As Simons and Levin (2003) point out: 

If this outside memory is seamlessly integrated into 
perception, observers likely would be unaware of its 
existence, leading to the mistaken assumption that they have 
represented the world internally. 

Clark (2001) has drawn attention to a further analogy to 
the concept of “outside memory”.  A modern store may 
generate the illusion that it retains a very large stock of 
goods in a storeroom on the premises because the items 
a customer wants always seem to be available, whereas 
the reality is that the store employs “just-in-time” 
computer ordering of stock from a bulk warehouse based 
on data flowing from the check-outs.  Stock kept on the 
premises is restricted to just sufficient to meet current 
demand, resulting in major savings in storage space. 
Elsewhere, Simons (2000a) summarises other possible 
explanations for change blindness, including: that it 
implies the absence of a consciously accessible 
representation, rather than the absence of 
representations altogether; that an initial representation 
is simply overwritten by a subsequent one without 
comparison and without noticing any change; and that 
everything is stored but nothing is compared (a 
possibility also offered in research on thinking and 
reasoning to explain why some people unknowingly hold 

contradictory views on the same topic).  No explanation 
offered so far seems to have universal applicability. 
The phenomenon of change blindness has been studied 
in detail only recently in psychology but has a much 
longer history in other disciplines, most notably in film-
making.  When film-making moved on from being 
effectively no more than a single-take recording of a 
stage performance to embrace cutting between wide-
angle and close-up shots, between multiple views of the 
same action and between linked events at different 
locations, the need for continuity became important.  
Both the techniques developed for editing and the advice 
manuals provided for continuity supervisors required 
detailed study, firstly into what it was important to 
observe to ensure matching occurred and then, more 
significantly, what details were unlikely to need matching 
for a viewer’s sense of continuity to be retained.  It is 
surprising that such a rich resource of observation and 
understanding was not tapped into earlier by 
psychologists. 
Some of the earliest psychological studies of change 
blindness dealt with simple line drawings, words and dot 
arrays in carefully controlled conditions.  This is not 
unlike many of the laboratory studies of people’s 
responses to aspects of the thermal and luminous 
environment.  On the other hand, it took only a few years 
for psychologists to engage with increasing complexity, 
from photographs to the dynamic complexity of a video 
clip to real-world interactions that demanded the active 
participation of the subject.  The outcome has been, in 
this case, a growing but still cautious confidence in the 
validity of generalising results from the use of simple 
displays to the operation of the visual system in the real 
world.  At the same time, previously independent studies 
of other forms of “blindness” such as inattentional 
blindness (plus a variant, “inattentional amnesia”) and 
repetition blindness, developed a dialogue around the 
common theme of the limitations of attention and 
memory.  Some of these other forms of blindness may 
have a direct bearing on the validity of results from 
thermal and luminous studies undertaken in a laboratory 
in which the attention is directed to a particular task. 
In these laboratory settings, there may be stimuli which 
are unattended either because they are not a part of the 
experiment or because they are a part of the experiment 
but the subject’s attention has been drawn to a task or to 
one or more other stimuli.  Three outcomes are possible.  
If an unattended stimulus draws attention to itself, we 
have “explicit attentional capture”; if an irrelevant 
stimulus affects performance on a task, whether or not 
the subjects become aware of it, we have “implicit 
attentional capture”; and if the subjects fail to notice a 
particular object or feature because their attention is 
focussed on some other object, we have “inattentional 
blindness” (Simons, 2000b). 
The focus of studies of implicit attentional capture is 
usually how well a subject can ignore something that is 
expected but which is irrelevant, whereas in studies of 
explicit attentional capture it is how likely subjects are to 
notice something that is potentially relevant but which 
they are not expecting.  It is this latter type of study 
which comes closest to suggesting an explanation as to 
why in thermal or lighting studies a potentially relevant 
stimulus does not seem to have the hypothesised effect 
– it may simply not have been noticed (although that 
would still leave the question as to why it wasn’t noticed).  
Simons and Chabris (1999) undertook a series of studies 
of inattentional blindness, the most interesting (and 
bizarre) involving videos of two teams playing a ball 
game that involved passing basketballs within each team 
in a confined space (a lift lobby).  Observers were asked 
to count the number of times one of the teams passed 
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their ball during the video.  At one point in the video, an 
unexpected intruder walked through the game (in one 
case, a woman with an opened umbrella and in another, 
a person dressed in a gorilla suit – the videos used in 
these studies can be viewed through the website 
http://viscog.beckman.uiuc.edu/).  On average, 35% of 
observers failed to notice the umbrella woman or the 
gorilla.  Simons and Chabris summarised their findings, 
in part, as follows: 

Our results suggest that the likelihood of noticing an 
unexpected object depends on the similarity of that object to 
the other objects in the display and on how difficult the 
primary monitoring task is.  Interestingly, spatial proximity of 
the critical unattended object to attended locations does not 
appear to affect detection, suggesting that observers attend 
objects and events, not spatial locations. 

If we relate the results of this study to the experimental 
situation used by Berry (1961) – described above – we 
can see that the task of controlling a model car’s position 
on a road on an endless belt would absorb a large part of 
each subject’s attention and it might not be unexpected 
that the subjects did not take notice of the colour of the 
light coming through the diffusing ceiling, despite its 
deliberate placement within their field of view.  Berry’s 
experiment, and other similar ones, occurred, of course, 
about 30 years before any major work on inattentional 
blindness was published; no criticism is intended.  What 
we do need to recognise, however, is that the results of 
many of such experiments need to be re-evaluated, and 
that the work on inattentional blindness needs to be 
taken into account in the design of any future studies. 
One further exacerbating factor can be noted.  Following 
from the quotation from Simons and Levin (2003) earlier 
in this section, these authors have noted that if outside 
memory is seamlessly integrated into perception, leading 
to the assumption that the visual field has been internally 
represented, then it should not be unexpected if people 
are found to overestimate the amount of information that 
they retain, or conversely the extent to which they are 
blind to unexpected and unattended stimuli.  In the 
context of change blindness, this has been called 
“change blindness blindness” (Levin et al 2000) and 
provides a salutary warning for the design of future 
experiments. 
By way of both suggesting a possible reason why there 
are limitations on our abilities to attend stimuli and 
provide more than a sparse internal representation of a 
visual field, and also providing a link to a broader area of 
study, it can be noted that researchers studying visual 
short term memory (VTSM) have found that the storage 
capacity of our VTSM is about four objects and are 
seeking explanations for this (Todd and Marois, 2004; 
Vogel and Machizawa, 2004).  It is found that mistakes 
are frequently made in more complex situations with a 
larger number of objects (a finding that is reinforced by 
other aspects of cognitive psychology which also throw 
up numbers in the range of three to four).  However, it is 
not yet clear if there is a link between the limits of VSTM 
and the limits on the number of objects that can be 
attended to at the same time.  Nevertheless, 
experiments in which the subjects’ attention was 
focussed on a specific task revealed that they could 
easily be deceived and overlook other, otherwise 
obvious, elements in the visual field that were outside the 
limited capacity of the VSTM.  VSTM varies from one 
person to another – the range of objects that can be 
successfully attended at one time is reported to be 
between 1.5 and 6 – and people with a greater capacity 
for holding images in their heads may have better 
reasoning and problem-solving skills. 
 
2.2. ‘Pure vision’ vs interactive vision 
Churchland, Ramachandran and Sejnowski (1994) have 

provided a forceful critique of the underlying orthodoxy of 
contemporary theories and research into “how we see”.  
They have labelled this orthodoxy the idea of “pure 
vision”.  On the one hand, they see it as having played a 
crucial role in underpinning and sustaining research 
activity with a set of shared assumptions which then 
serve as a basis for interpreting research findings.  
However, they also see this current orthodoxy as one 
which 

… embraces the very general idea that the business of the 
visual system is to create a detailed replica of the visual 
world, and that it accomplishes its business via hierarchical 
organisation and by operating essentially independently of 
other sensory modalities as well as independently of 
previous learning, goals, motor planning, and motor 
execution. 

They suggest that “pure vision”, thus described, is a 
fiction, while acknowledging that it has served an 
important role in the development of research and of 
theories of vision, in a similar vein to the role of the 
idealisations of “frictionless plane” and “perfect elasticity” 
in physics.  However, unlike these latter two 
idealisations, “pure vision” has the capacity to impede 
progress in vision research, in much the same way as 
the concept of the “indivisible atom” once obstructed 
progress in atomic and nuclear physics.  The alternative, 
they suggest, is to acknowledge  

… that systems ostensibly “extrinsic” to literally seeing the 
world, such as the motor system and other sensory systems, 
do in fact play a significant role in what is literally seen. 

In support of this contention, Churchland et al present 
experimental findings from visual psychophysics, visual 
attention, neuroanatomy and neurophysiology.  For 
example, they note the work of O’Regan (1992), referred 
to earlier, and of others which suggests that we can 
make do with only a sparse internal representation of the 
world, rather than building up a detailed representation.  
It is no surprise to them that an integration has been 
demonstrated to occur between visual and auditory 
information – “after all, we see dogs barking and 
drummers drumming”.  More specifically, they note that 
this type of integration occurs frequently when action 
may need to be taken – “that looks like a rock but it 
sounds like a rattlesnake”.  They propose that the 
evolutionary impetus to achieve such integration of 
sensory inputs has been driven by the basic need to take 
appropriate actions in order to survive, whereby 

… visual systems evolved not for the achievement of 
sophisticated visual perception as an end in itself, but 
because visual perception can serve motor control, and 
motor control can serve vision to better serve motor control, 
and so on. 

Complementing this link between integrated sensory 
inputs and resultant actions, they note the effect of 
experience and memory in determining just which 
elements of a visual field are likely to attract attention 
and those which may simply not be noticed.  While early 
attention determinants may have been solely survival-
based, the contemporary counterpart of this may be the 
focussing of attention on sensory inputs that are critical 
to performing a task successfully, and the more complex 
the task, the more focussed the attention will be (and the 
more likely that extraneous inputs will be ignored).  This 
would certainly explain the results of experiments on 
change blindness and inattentional blindness, and of 
environmental chamber experiments where one or other 
of these forms of “blindness” is likely to have influenced 
the outcomes.   
A link between integrated sensory inputs and survival 
actions may have been driven by the severity of the 
penalty if survival was not achieved, and a similar 
consideration (with less drastic consequences) may 
apply when people are dealing with an assigned or 
assumed task where failure affects their pride or sense 
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of achievement.  The complement to this situation is 
where the incentive of a reward triggers the integration of 
sensory inputs in the selection of appropriate actions.  All 
of this seems to be in accord with the common 
experience of having all one’s senses pricked when 
faced with a potentially dangerous or exciting situation.  
On the other hand, little of this (and perhaps none of this) 
suggests that such integration of sensory inputs need 
occur in non-stressful situations, although there may be 
some suggestion that integration could occur to heighten 
pleasure when that pleasure is derived as a reward for 
actions taken (such as the multi-sensory experience of 
attending a live orchestral performance in a packed 
concert hall).  The context-dependence of interactive 
sensory experience (whether it occurs at all and, if so, to 
what degree does each input contribute) seems to be 
well-demonstrated by Kearney’s (1966) finding that it is 
only under conditions of thermal stress that there is 
interaction between thermal and visual stimuli and that 
other factors influence environmental preferences under 
non-stressful conditions. 
One further aspect of Churchland, Ramachandran and 
Sejnowski’s (1994) paper can be commented on, to 
demonstrate the coherence of their argument and of the 
evidence they produce to support it, and also to provide 
a useful input to the discussion below.  If the rich-
representation model associated with “pure vision” is 
replaced by a sparse- or goal-relevant-representation 
model associated with “interactive vision”, the authors 
demonstrate how it is possible to argue that “much 
cognitive learning may well turn out to be explainable as 
reinforcement learning”.  This in turn leads to the brain 
being able to develop predictive sequences in which one 
action will provide the conditions that permit a further 
response, and so on, leading to an external reward.  
Each of the prior steps in the sequence can be 
associated with an internal reward, and on the basis of 
this internal reward system 

… the brain can build a network replete with predictive 
representations that inform attention as to what is worth 
looking at given one’s interests … [in terms of which each 
individual] comes to have an internal … relevant-to-my-
lifestyle world, as opposed to a world-with-all-its-perceptual-
properties. 

This model of cognitive learning supports the probability 
that individuals will have their own sparse internal 
representations of the visual world and suggests that 
these representations will be dependent on personal 
experience and what has been learned.  The model has 
been tested and found to provide a basis for 
understanding the results of experiments in visual 
perception.  It also suggests an efficient and effective 
brain in that a rich representation of the world would lead 
to inefficient use of time, space in the brain and energy.  
(Clark (2001) has noted the use of a similar economy in 
contemporary developments in robotics.)  And, finally, 
the interactive vision model has been found to provide a 
better basis than a “pure vision” model for the 
development of computerised scanning of data, such as 
in the machine reading of numerals on credit card forms, 
in the zip codes on mail, etc. 
 
3. ALTERNATIVE APPROACHES TO 
LABORATORY STUDIES 
 
3.1. The study of complex environmental responses 
The enhanced understanding of memory and awareness 
through research in cognitive science, and the 
development of such concepts as inattentional blindness, 
provides us with useful tools for re-evaluating the 
outcomes of earlier laboratory-based studies of people’s 
responses to environmental stimuli, and for developing 
laboratory techniques which overcome the deficiencies 

which might now be seen in many of those earlier 
studies.  Studies of both discrete responses to single 
stimuli and the more complex responses to multiple, 
interacting stimuli should be included.  Some of the 
results will need to be discarded but others will be found, 
despite deficiencies in procedure, to nevertheless yield 
valuable insights.  An example of the latter would be 
Kearney’s (1966) observations of the effect of stress in 
the environment on the likelihood of people’s responses 
to that environment being based, at least in part, on the 
interaction between different stimuli, rather than as a 
collection of discrete responses to independent stimuli.  
The use of climate chambers and lighting laboratories to 
study responses to a single stimulus, or just one stimulus 
at a time, remains valid within the terms carefully 
described by Petherbridge and Hopkinson (1950), while 
the direct application of data from such studies to the 
design of real interior environments remains fraught with 
the dangers revealed by the comparison of climate 
chamber studies with Humphrey’s (1975, 1978) analysis 
of field studies. 
Quite apart from the need to consider inattentional 
blindness in setting up laboratory studies of potential 
interactions between different stimuli, it is also important 
not to fall into the trap of assuming that there will be a 
linear relationship between the variables describing any 
pair of stimuli.  Non-linear interactions between 
components of a system (described well by Clark 
(2001:115)) might typically be represented by a sigmoid 
curve, with a strong negative or positive reaction from 
one variable to low or high (or vice versa) values of the 
other variable, while in-between values produce only a 
subtly-graded interaction.  (This may have been the 
effect detected by Kearney (1966).) 
If laboratory studies become focussed on extending our 
basic understanding of people’s interaction with their 
environment rather than with determining guidelines for 
the design of appropriate environments, then the studies 
will conform closely to the character of the glare studies 
undertaken by Petherbridge and Hopkinson (1950).  Of 
their own experiments, they wrote: 

The studies have been made mainly under idealised 
conditions, that is to say, there have been no specific 
visual tasks given to the observer during the course of his 
[sic] observations.  The advantage of experimenting 
under these conditions is that the physical factors are 
under control, whereas complications arising from a 
comprehensive range of working conditions are much 
more difficult to systematise.  The degree of discomfort 
which can be tolerated under specific working conditions 
forms part of a study of the glare problem.  It raises so 
many problems, however, that it was felt wiser to confine 
the present work to easily reproducible conditions, and, 
except in special cases, to consider the results obtained 
in relation to working conditions in the light of experience 
rather than of experiment.  Any further advances in the 
experimental field may be as much in the province of the 
experimental psychologist as in that of the lighting 
engineer. 

However prophetic the last sentence may seem in the 
light of the present discussion, the idea may need to be 
further expanded to embrace a more multidisciplinary 
approach.  Clark (2001:154–5) has proposed just such 
an interdisciplinary study of memory in both mind and 
machines and this could provide a model for the 
development of laboratory studies of people’s sentient 
interactions with their environments.  Clark wrote: 

Much of what matters about human intelligence is hidden 
not in the brain, nor in the technology, but in the complex 
and iterated interactions and collaborations between the 
two. … The studies of these interaction spaces is not 
easy, and depends both on new multidisciplinary 
alliances and new forms of modelling and analysis.  The 
pay-off, however, could be spectacular: nothing less than 
a new kind of cognitive scientific collaboration involving 



The 38th International Conference of Architectural Science Association ANZAScA 
“Contexts of architecture”, Launceston, Tasmania, 10–12 November 2004 

60 

neuroscience, physiology, and social, cultural and 
technological studies in about equal measure. 

 
3.2. Experts as laboratory subjects 
The use of laypeople as subjects in laboratory studies 
seems essential if the results of those studies are 
intended to directly form the basis of the design of 
conventional interior environments.  However, if the 
results are to have only an indirect application, there is 
the possibility of using experts as the subjects, and this 
possibility needs to be carefully considered.  Experts 
would have the in-depth articulation to provide a detailed 
account of their responses to simulated environments in 
laboratories, and an overview based on experience to 
enhance this account in the case of studies of the 
interaction between different stimuli.  Experts in design 
are also likely to have a greater capacity for holding 
visual images in their heads to support assessment and 
reasoning in complex interactive situations. 
Clark indirectly provides support for this strategy.  He 
argues (2001:37–38) that “fluent, everyday coping” 
cannot be reduced to a symbol string that could be 
loaded into a machine to achieve the same process and 
outcome.  While acknowledging that most people have 
developed “expertise” in many facets of everyday life 
(making a cup of tea, riding a bicycle, etc), there are 
many areas in which the novice can be differentiated 
from the expert (e.g. chess, where the “strategy” of a 
novice is heavily based on a series of rehearsed rules 
while an expert can distinguish tens of thousands of 
positions at a glance and choose a move “at a speed 
that effectively precludes conscious analysis of the 
situation”). 
However, the specific goals of an international game 
such as chess may provide a misleading example to 
follow in setting up studies of environmental responses 
which are dominated by subjective attributes such as 
“quality”.  A comparison of the evaluations of an array of 
alternative ways of lighting a simulated office space, 
provided by experts from North America, Europe, 
Australia and New Zealand, was remarkable for the 
“disagreement among the participants in general about 
the overall ratings of lighting quality” (Veitch and 
Newsham 1996).  Both high and low ratings were given 
to almost every design.  Agreement improved when the 
data from North Americans and non-North Americans 
were examined separately.  Subsequent interviews with 
the participants revealed some problems with the 
rendered images supplied of the nine simulated interiors, 
but cultural differences coupled with some significant 
differences in practice in the various countries were the 
most telling sources of differences in evaluations.  The 
authors referred to evidence in both psychological 
research and behavioural science research of 
differences between experts’ and laypeople’s knowledge 
and understanding of issues; in particular, that “lighting 
designers are also likely to disagree with their clients 
about what constitutes good lighting”.  The importance of 
obtaining a basis for design that focuses on the end-
users seems to rule out the use of experts and 
professionals as subjects in laboratory studies.  In their 
use of trained observers, Petherbridge and Hopkinson 
(1950) may have (again) got it right. 
 
3.3. Education: the expert in practice 
If the expert is an inappropriate subject in laboratory 
studies, the matter then becomes one of determining 
how the outcomes from those studies can best support 
the work of the experts in design practice, and of how the 
education of practitioners can enable them to make best 
use of this input.  These topics are worthy of their own 
significant discussion, but a few observations can be 

made, based on the preceding discussion and the 
referenced papers.  Firstly, the discrepancies and 
inconsistencies in current information on the interaction 
between different aspects of people’s sensory responses 
to their environment need to be resolved by a careful 
reappraisal of past experiments.  Secondly, the 
information that does get provided should not be (as 
much currently is) a set of guidelines that a novice could 
follow – a painting-by-numbers kit – but rather 
information that would feed into the experience and skills 
of the practitioner.  And thirdly, the education that these 
practitioners receive should ensure their ability to 
integrate these ongoing inputs from architectural science 
with their experience and into design practice.  In this 
respect, Schön’s (1983:137–140) comments remain 
valid: that practitioners build up a repertoire of images, 
understandings and techniques that can be brought to 
bear in each unique design situation, that each new 
experience in practice should enrich this repertoire, and 
that design education should set up the framework for 
this repertoire and the process for its lifelong 
development. 
 
CONCLUSION 
 
Recent research in cognitive science and neuroscience 
suggests explanations for many of the inconsistencies 
among the outcomes of laboratory-based studies of the 
way various stimuli might interact with each other in 
people’s sensory responses to their environment, 
necessitating a reappraisal of these outcomes and 
changes to the strategies for further studies. Some 
ongoing work in both cognitive science and neuroscience 
points to further cross-disciplinary implications and 
understandings and to the potential advantages of 
setting up multi-disciplinary approaches to these studies. 
The situation has clear implications for both design 
practice and the education of designers, and this 
consideration needs to be a factor in related research 
activities. 
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