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Abstract This paper presents sveral years of research in luminous ambience in daylighting. It
began with works on the relationship between intuitive axd quantitative gproaches for the
understanding of luminous ambience We mlleded quantitative data from measurements of
illuminance levels on glazed and opaque surfaces in interior spaces. From these measures we culd
build an interpretation related to the luminous ambience They were mmpared to what was
expressed by interviewed subjects in these spaces or to intentions expressed by the archited during
the design when available. At the end of this work, a first issue was: how could we eplain that
comfort and deasantness of an ambience may often be @nflicting? We investigated this question
and showed that comfort is not sufficient to expressthe quality of a luminous ambience and that
some degree of “discomfort” may be needed by indviduals to fed an ambience & pleasant.
Confronted to the variety of answers given by people &ou luminous ambience we tried to
understand hav subjective resporses to a luminous ambience relate to the dimensions of
personality. As this particular point of view seaned to have seldom been investigated, we dedded
to start a projed specificaly focused onthis subjed. The purpase of this paper is therefore to sum
up thisline of research, from quantitative measurements to dmensions of personality.
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I ntroduction

We puHlish in this paper the results of severa yeas of reseach in the field o luminous
ambience in daylighting and/or artificial lighting as complement. This line of reseach has gredly
evolved ower the yeas, bu the general purpaose remains the same: definition d indicaors useful to
architeds during the design plese to improve the qualities and wes of luminous ambience;
development of methods to better define comfort and deasantnessof luminous ambience.

Ambience is defined here as the way the environment affeds a subject. Subjeds are naturally
affected by a globa environment (thermal, amustic, luminous, aesthetic, etc.). As we use pubic
spaces, we perform quasi-experimental studies. Whereas the environment is better controlled in a
lab, the behaviour and emotions of people ae more natural and sportaneous in quesi-experimental
studies. Thiswork started with an investigation onthe relationship between intuiti ve/qualitative and
guantitative gpproaches for the understanding of luminous ambience in daylighting. It was, at that
time, closely linked to the work of architeds and the gap students feel in the university between
technicd/quantitative and architectural/qualitative subjeds.
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Fig. 1 lllustration of what we mean by intuitive and scientific approaches for luminous ambience
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In the sketch phese (the ealy phase of design), architeds proceed, indeed, in an intuiti ve manner
(using imagination, descriptive ways, words, sketches, etc.) regarding the repartition d luminous
flux and the fedings of the future users (future subjective response to the luminous ambience). The
scientific goproach is integrated (as far as architeds are amncerned) in computer-aided design todls
spedaised in natural and artificial lighting which perform evaluation d ambience during the
projed. The use of these todsin the sketch phase raises svera isues:

- Architeds do nd use the scientific/quantitative toas during the design, as it appears far too
time-consuming in the quickly evolving sketch phese.

- Evauations of luminous ambience in daylighting by sophisticated computer todls require a
well -defined morphdogy and data which are not avail able during the sketch phase.

- Thisevauationis dill rare and rather expensive and orly aaccessble to large puldic projeds.

Moreover, it isin this ketch phase that fundamental choices on the project, such as the genera
morphdogy, the openings and their orientations, are defined. The scientific tools which can orly be
used at the end d the design when the projed is precise canna therefore be of grea help in the
design o the projed (even if they were easily avail able to architeds).

In order to help and enrich architeds' intuitions regarding luminous ambience we propaosed to
compare qualitative expressons from subjeds (what they felt like calm, soft, dynamic, tense, etc.
ambience) with measured ill uminance levels in these anbience The purpose is to describe, for
example, a cdm ambience using technicd and quantitative daracteristics (contrast levels, gradual
range of luminance, etc.). We believe this would creae a better understanding o ambience by
architeds, help ambience dassfication, and facilitate the discussons between architects and
engineas. This method, we will detail in the first part of this paper, is currently applied in ou
university.

At the end d this work, a rather surprising issuie was raised: Using the quantitative
measurements we had, we could easily determine if aluminous ambience was comfortable or not. It
was quite interesting to ndice that subjeds often declared that an ambience cnsidered as
comfortable was not pleasant and viceversa. This observation was repeated on several subjects
randamly seleded in severa different spaces. This pointed ou that the nation d comfort may not
be sufficient for the study and design of ambience.

Comfort explicitly excludes tension and psycho-physiologicd disturbance on subjects. On the
contrary, one way to define a pleasant ambience espedally includes the notion d tension on
subjeds affeded by an ambience. Natural lighting and passve ventil ation are generally considered
as more pleasant than artificial lighting and ventilation, even if the latter can lead to a much better
controlled ambience. We believe that this question is of particular interest nowadays as we
considerably developed technicd control systems for ambience but which do nd ensure
pleasantness We therefore dedaded to study specificdly this isaue, as this is very important to be
able to define the quality of an ambience We think that a very global view on ambience is now
needed as we detail in the second part of this paper.

Through these two projects, bu in particular in the second ore, it became obvious that the notion
of pleasantness is extremely subjedive. Some individuals may feel an ambience & pleasant
whereas others may fed it as very ungeasant. Some find a cdm ambience & pleasant, others look
for dynamic ambience etc. In order to further enrich ou understanding of pleasantness as
compared to comfort and quantitative notions (such as measurements and nams), we decided to
investigate the diversity of subjedive resporses to luminous ambience This work took the shape of
a multidisciplinary projed with three laboratories. In this research we focus on the relationship
between the perceptivo-cognitive handing of luminance and chromaticities and the way socia
spaces are occupied and wsed depending on their luminous ambience Part threeof this paper detail s
the goproach and the projed.
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1. Relationship between quantitative and qualitative data for luminous ambience

The field of luminous ambience in daylighting is a very interesting one & it strongly appeds to
architeds’ feelings and works. There are dso solid and rather complicaed scientific reseach and
methods to tadkle the question d daylighting. However, very few links an to exist as if these
were two separate fields. The am of this gudy was therefore to provide links and, in the long run,
to help and enrich architeds'  intuiti ons regarding luminous ambiences and to prepare aiteriafor the
classficaion d luminous ambiences.

1.1. Method

After having chasen bul dings particularly interesting for their luminous ambience, we measured
luminance ad illuminance levels on glazed and opagque surfaces in interior spaces. The
measurements helped us build a synthetic scheme of these levels. We wmpare the analysis of
guantitative measurements to the subjective expressons given to us by interviewed people
(students, profeswors, users and workers in these spaces) or to compare to the achitectura
intentions as expressed by the achitects who designed the buil dings. We present here the cae of
the National Superior Academy of Music and Dance of Paris for which the achited' s paint of view
has been pulbished [1]. For this work, we defined a protocol of measurement to ensure the validity
of results. We will detail thisin the next subsedion. Once we had the measurements, we interpreted
the measures using methods defined in pubished scientific works. Finally we compared the
archited’s intentions which were pubished with ou interpretation o the quantitative
measurements.

If welookin adictionary (fredy translated from Le Petit Robert, Paris, 1970), we can find:
Quantitative: which belongsto the field of quantity and numerica values.
Quantity: property of a measurable grandeur; the thing itself which can be measured.
Qualitative: which belongsto quality (and nd to measurable things)
Quality: Way of being, sensitive and nd measurable dharaderistics of things.

Qualitative data may be expressed with words, descriptions, drawings, sketches, paintings, etc. We
focus here on expressons (using words) from subjeds raised from luminous ambience in interior
spaces. These qualitative data ae hence subjedive & dependent on the subjed’s emotions.
Quantitative data are light measures we take. As measured, these data are cnsidered as objedive.

1.1.1.Protocol of measurements

In order to ensure the validity of our measurements, it has been esential to define amethod d
measurements. It is particularly true with daylighting. Natural light varies from one moment to
ancther, in particular its gedra compasition and the distribution o illuminance It therefore
changes in the interior spaces. The protocol of measurements, see[2] for detail s, helps us colled
reliable, significant and comparable data. We had to define the proper moments for measurements
and several complementary information. These complementary data were:

- Geographic locaion d the site and date and exad time.

- Sky type (clea, intermediate dea, intermediate dea, intermediate overcast, overcast) ([3] [4]).

- Interior verticd ill uminancein front of windows and, if possble, exterior horizontal ill uminance

- The standpant onthe plan of the buil ding (to take pictures and measures from the same place).

- Luminance measurements on glazed and gpaque surfaces and indicaion o measured pants later
indicaed onthe pictures that are taken at the time and from the point of measurements.

1.1.2.Interpretation d measures accordingto prevously pulished scientific works

We use the nation d contrast (C) as the ratio of luminance between two surfaces (Lo and L) of
an interior space, i.e. C=L¢/L; asdefined in [5,6]. Contrast iswidely used to analyse work ambience
in scientific works abou discomfort and glare or resporse to contrasts. Table 1 shows contrast
(luminanceratio) levels for workplaces recommended by the European Commisson ([5, 6]):
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Tablel Recommendationsfor necessary

c luminanceratios in the main field of vision:
A: badkground d visual task;

B: environment — preferably rather uniform;
C: periphera field —preferably rather uniform.

B
m Recomnended contrast ratios for work surface

AB = 31
A:C =101
Fig. 2 Fields of vison Light source: adjoining field =201
Interior in general =401

These ratios may differ as the situation changes. However, nearly al studies ded with
workplaces and we have dso used these ratios as a basis.

To take into accourt the lack of
predsion d the limits, Fig. 3 present a
clasdfication d the ratios presented as
fuzzy sets of the set of imperceptible
contrasts (improved from[7]).

3
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Very soft

Not very strong
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Very strong
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Fig. 3 First step to a link between qualit ative/quantitative data
A field of vision d someone in a working position in an dficeis called the main field of vision
(Figure 2). It is made up d the badkground d visua task (A), the ewvironment (B) and the
peripheral field (C). We cdl secondary field of visionwhat may be foundfrom the working position
when moving the head [LAIADE internal document].

In this paper, we dso use the expresson gradual range of luminance: For a given surface, if
luminancelevelsincrease or decrease continuously for contiguous paints, we can speak of a gradual
range of luminance In our work, if luminance levels decrease or increase so that limits between
clea and dark cannat be predsely defined, we speek of soft gradual range of luminance. On the
contrary, if such limits are dearly defined, we speak of strong or very strong gradual range of
luminance [8]

1.1.3.Expresson d anintuiti verepresentative resporse despite its sibjedivity

In the cae of the National Superior Academy of Music and Dance of Paris, the subjedive
intentions of the achiteda Christian de Portzamparc have been pubished [1]. We have dosen a
spacecall ed "chapel" because of its peculiar ambience It isnat a dassroom. It is a complex space
for spontaneous work and coffee-bre&ks, na quite dosed, bu sheltered, with a spiritual side likein
a temple but also where ay event is possble. Henceforth, we shall refer to this place & the café.
Considering luminous ambience of the chapel, he stated that: "Some students prefer a padded, soft
and dark ambience[...] the more exuberant arein front of the light, in the café which isnoisier.”

1.2 Results

Conditions for measurements: Intermediate overcast sky (hidden sun). 10" October 1998, 4 pm.
Point B where the @owe picture was taken. Verticd interior ill uminance 400ux at point B towards
the glazed surface. Pointsin table 2 are onfigure 4. Point 6 is on the white frame of the window.

The @&fé has been studied under two pants of view and two dfferent skies. Here, a short
abstraa of the results for point of view B for one sky is presented, ([2] for more):
Right-hand side surface, blad marble, covered, against the light, the bad of the café
- Maximum contrast on the opaque surface 3:1 (points 10to 14and 22, 23. The ntrasts which are
from just perceptible to very soft and spread over alarge surface leal to very soft gradual range of
contrast onthis surface. Luminance levels are rather low.
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- Maximum contrast with the glazed surface 50:1 (points 1, 2, 3and 23. It is a strong contrast.
However, the whale line of high luminance of the glazed surfacesis aligned at a great height and
the luminous flux from these openings does not reach students in the café but stays higher. It
reades the oppasite interior surface which reflect it. Students are psychologically proteded from
this flux. The flux and contrast belong to the gangway which is higher. This flux delimits the
height of the cfé.

Point | Luminarce Point | Luminarce
N° Cd/me n° cd/m?
1 15 13 9

2 531 14 5

3 39 15 222
4 4 16 17
5 25 17 21
5 22 18 11
5" 21 19 54
5" 20 20 176
6 444 21 23
7 4 22 8

8 66 23 11
8’ 62 24 153
8” 60 25 37
8" 58 26 44
9 131 a 34
9 5 b 60
10 11 c 96
11 13 d 125
12 9 e 165

Table 2 Measurementsin the points

Fig.4 Points measured in the Chapel (café),
synthetic scheme of luminance

From these data we build a first relationship between the intuitive gproach and the quantitative
measured data. Christian de Portzamparc said it well: Some students[...] arein front of the light”.
It does not mean that they receve the direct light on the face Indeed, no pation d the sky (or
exterior reflections) is visible from the cdé. However, there is an oppaition between low contrast
(3:1), soft gradual range of luminance and rather dark ill uminance on ore side (9cd/m?2, onthe right)
and, onthe other side, strong contrast (50:1), no gradua range axd much higher levels of
illuminance d the exterior limit of the cdé (badk of the picture). This oppdasitionis very spedfic to
this gace Students are sheltered in a rather dark and soft space. They fed proteded, and they can
see aluminous flux as an exterior limit, bu it does nat reat them. Hence the measurements
performed in the aafé on the right-hand side surface (dark) and onthe dose side (underneath the
phaographer) have low levels of luminance, soft gradual range of luminance and rather low
illuminance levels. On the @ntrary, the noisier side (back of the picture and the left hand side, na
visible on the picture), as named by Christian de Portzamparc, is very well ill ustrated by the
measurements when we consider the whole composite oppasite surface with rather strong and
varied contrasts, no gadual range of luminance and changing levels of illuminance with large
surfaces having high illuminance levels. The oppasition between cam and nasy is very
characteristic for this complex space ad very well shown onthe measures (table 3) and it is very
coherent with the intentions expressed by Christian de Portzamparc.

We have then determined 61ogicd zones, see[2], onthe surfaces of the café. Each zone mntains
5 pants of measurements. In table 3, the paints belonging to a zone and the @rrespondng
luminance ae in the left-hand side of the table (points are in bradkets. point 11 has 13 cd/m?).
These data ae identica to those of table 2, bu per zone. On the right-hand side of the table, each
zonre is ranked with respect to the intervals of figure 2. It isworth ndicing that the @ove-mentioned
oppaition clealy appears on the table: Contrasts per zone ae just perceptible, very soft or
extremely strong.
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Initial data

Cd/m® | cd/m? | cd/m® | cd/m® | cdim® Contrast s D.

Zone | (paint) | (point) | (point) | (paint) | (point) | Im | Jp | vso | so [Nvst| Rst | Vst | est
1 13(11) | 9(12) | 9(13) | 5(14) | 11(10) + +

2 15(1) |531(2)| 39(3) | 4(4) |11(23) +
3 25(5) |22(5' ) |215" )|20(5™ )| 17 (16) + +
4 66(8) | 62(8 ) [60(8” )|58(8™ )| 54 (19) + +

5 4(7) |444(6)[23(21) | 66(15) | 131(9) +
6 34(@) | 60(b) | 96(c) | 125(d) | 165(e) + +

Table3 Points measured and grouped first in zones then in classes

Classs: im, jp, vso, S0, hvgt, rst, vst, and est, correspond to classes on figure 2 ; D. isfor gradua range of luminance

Some dasses are then defined. Let us focus on classes for qualitative expressons sich as
relaxed, tense cam, etc. From contrasts and gadua range, we (us and architeds) classfy the
ambience Abou 15 tables (as table 2) and their associated clasgficaions have been used to
cdibrate neura nets. Then, reural nets have been cgpable of associating images, i.e. contrast and
gradual range of luminance with the existing clasgfication.

In this work, we showed that it is quite passble and interesting to buld efficient links between
guantitative/technicd tedniques (i.e. measurements, formulas) and expressed feelings. We now use
these links in ou teathing onambience We used the qualitative expressons given by the achitect.
We dso colleded qualitative expressons given by users of the space. It was quite naticedle that, in
some caes, atechnically comfortable anbiencewas nat felt as pleasant. These people did na know
abou norms and recommendations (which define comfort); they did nad measure natural li ght. They
just felt or not a well being in given spaces, theses gaces being comfortable or not. As this
observation could be repeated with many subjedsin dfferent spaces, it appeared to be an important
issiein the dharacterisation d ambience We therefore started to investigate thisissue.

2. Comfort, Pleasantness and psychological tensions

Taking our dictionary again, we can find:
Comfort: what contributes to the well being, to the convenience of materia life,
Well-being: given by the fulfilment of physical neeals, absence of psychological tensions,
Conwenient: easily (free of troulde or difficulty) accessble and well adapted to some purpase.

Therefore, the word comfortable implies the dimination d al constraints, which may rouse a
psychdogical tension, whatever level this tension may have. Moreover, the notion d comfort
appeas in the definition o ergonamics which is defined as "the body of knowledge relative to
human beings and recessary to design tods which could be used with maximum comfort, seaurity
and efficiency”[10]. Hence, there are hospitals with a uniform blue wlour inside because it has
been proved that blue gives a feding of comfort and relaxation [11]. In these hospitals, there is no
visua tension (with chromaticity or with luminance), the luminous ambience is comfortable.
However, such ambienceis often considered as monaonots, even dul. It isnot pleasant.

A comfortable ambience may not be pleasant.

We can also find in the dictionary that:
Pleasantness charaderistic of someone or something that makes it/him/her pleasant.
Pleasant: pleasing the mind, fedings or senses.

Even if we do nd try to define the word pleasure, we look for a possble insight abou what
plesses a subject (affected by an interior space, hislher environment). For pleasantness
psychdogical tensions are not mentioned in the definitions. The first lead ore may follow is to
think that the notion d pleasantness is equivalent to comfort, that it just goes further in the
elimination o psychoogicd stress that pleasantnessis smply quantitatively greaer comfort. Our
belief isthat pleasantnessand comfort are essentially diff erent. Pleasantnessimplies the presence of
an attention, a psychalogicd tension. It is contrary to comfort and its complete ésenceof stress
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Let us take awell-known example: the famous house on the cacade by Franck Lloyd Wright is
surrounced by a noise wming from the outside, whaose level is above dl norms. Therefore we
canna consider the ambience of this house a comfortable. It is not comfortable (or ergonamic)
becaise asubjea feds a psychdogicd tensionin this pace However, this house is famous for its
pleasant ambience. It may be for several reasons, bu, in particular, for its acmustic anbience. The
tension, the noise from the cascade, is considered as pleasant.

A pleasant ambience may nat be comfortable.

The nature and level of a psychdogicd tension due to an inconvenience in the ambience is
important to characterise an ambience in terms of comfort or pleasantness The asence of tension
clasgfies an ambience & comfortable, bu not as plessant as the eistence of a tension can
contribute to pleasantness The question d limits is rather delicate and, in a specific sociocultural
environment, depends on subjects sensitivenessand onthe spacefunctions. Norms generally focus
on performance of lighting (levels of illuminance, see [12] for an example in France). A few
recommendations focus on comfort, that is on the dimination d posgble inconvenience, usually
due to strong contrasts, which may lead to tension. This normative point of view is comfort-oriented
and dees not take pleasantnessinto accourt. On the wntrary, we show that architeds often focus on
pleasantness to the prejudice of comfort. To ill ustrate this point, we concentrate on dayli ghting.

2.1. Choice (voluntary or not) between comfortable and pleasant

The renewed awarenessof the fact that the human bady takes pleasure in natural light radiation,
the interest in energy savings constraints and, finaly, the fashion in transparent envelope, have
raised several questions on the choice between the comfortable and/or pleasant sides of luminous
ambiencein daylighting. For this research, we have studied several buildings from the point of view
of daylighting. In this paper, we present our study on recently built French National Library by
architea Dominique Perrault. In this case study, we did na look for architeds’ intentions, we only
concentrated on sers’ resporses. People could expressthemselves freely. We alded semi-direded
guestions about ambience pleasantness Measurements were performed to conclude on comfort.

2.2. Resaults: The French National Library, reading room G

2.2.1. Sufedive/quditative eyressons for two situations

Under an overcast sky, the ambience is pleasant, intimate and warm. Under a dear sky (with
penetration d dired sunlight), it is felt as irritating, na adapted to concentration, like outside, nat
pleasant.

2.2.2.Measured/objedive data andcomparativeandysis

Under an overcast sky: illuminance on work surfaces is around 500lux. Gradual range of
luminance on the walls. The maor part of the interior envelope has just perceptible (1:2) or very
soft (1:3) contrasts even in the main field of vision. However, the glazed surface (light source)
which is, for some readers, in the secondary field of vision and, for others, in the main field of
vision, leas to rather strong (1:18) and strong (1:24) contrasts. Colours are warm (red carpets and
reddish exotic woods).

From these subjective and oljective data we can say for comfort under an overcast sky that
contrasts, luminance ad illuminance levels are within the limits st by noms and
recommendations, with oy small excesses. Excesss are & follows: first, contrasts between the
glazed surface (considered as alarge light source) and its contiguous parts are alittl e bit higher than
those recommended (by 25%). It can be regarded as very small excess Semnd, kecause this glazed
surface (naturally rather bright) is within the main field of vision for some readers (surface C on
figure 1, theratio A:C = 10:1 is not respeded, it is around 51). The fact that, for some readers, the
peripheral field is brighter changes the equili brium of recommended contrasts. The ratio A:C is
therefore twice lower than recommended, havever stable for this type of sky. This stuation has not
been detected as annoying by users themselves. However we @uld nd study the influence of this
excesson visual weainessafter along time of expasure. Therefore, the anbienceis comfortable for
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most users, apart for a few of them who are exposed to the mntrast A:C that is twice lower than
recommended. This particular situation would have deserved in itself an experimental study: can
the dhange in the euilibrium be mmpensated by a nice view through the glazed surface which
shows a cdm and stable image (a garden and an equili brated surface)? For pleasantness the
interviewed readers have felt the anbience asawhadle, as pleasant, intimate and warm.

We can say that existing contrasts, even those éove or under recommended limits, help to avoid
uniform, monaonous or dull ambience The distribution d contrasts in particular introduces a
dynamic asped: for example, contrasts on the celling are very soft. However, they very a largely
and randamly vary (the celing is made of refleding sheds of stainless $ed). This ft but dynamic
play with contrasts is pleasant -the surface of the celingisvery large and auniform one would have
been dul. The warm colours have given an intimate asped and also participate in pleasantness The
limit between pleasantnessand dscomfort iswell defined.

Subediveanswer: pleasant ambience
Measured comfort: twicetwo much (greater thanrecommended)

Under a dear sky:
The gituation is more @mplicaed than under a
uniform sky. Pictures 5 and 6 present luminance
and contrast distribution in more detail s. On figure
5, we seethat arather large surfaceof the windowv
is exposed to sun and sky. It allows penetration d
dired sunrays on 7% of the table surfaces in this
room (seefigure 6). In Paris, there is 50% of time
with clea sky. Let us recdl the qualitative-
subjedive resporses under a dear sky (with
penetration o dired sunlight into the room):
irritating ambience na adapted to concentration,
like outside. The quantitative/objedive data under
a dear sky show that illuminance on work surfaces
is well above 500 lux. Luminance measurements,
without a white paper on the table shoud show
imperceptible contrasts. Results $row that the ratio
between pant 4 and 5is around 14 (figure 6).
Curiously it may reach 1:30 with natural or mixed
light (artificial and retural) on dfferent tables.
This variation from 1:4 to 1:30 on tables comes
from the natural varying colour of the wood and
from the type of palish used.
Considering comfort under a dear sky,
illuminance on work surfaces is correct. On the Fig. 5. The part of sky and sun visible through the
contrary, contrasts are too h'gh, from 4 to 30times transparent surfacein arealing room Southwest ori?nted.
above recommendations. In this stuation, apart 20
from the fact that solar rays may enter the users L
eyes, there ae too many solar spots. Moreover the
spots move and that creates a strong dynamics just
where a uniform and stable surface is required.
The work surfaceis very important in alibrary and
one may consider that the anbience under a clear
SKy is nat comfortable for an average user. The
limit between pleasantness and dscomfort is not
well defined.

Subediveanswer : nat pleasant ambience , :

Measured comfort: 10to 30times too much Fig 6. Contrasts due to dred sun on the reading surface
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The work therefore showed that comfort is not sufficient to ensure the quality of the ambience,
that pleasantnessmay be in conflict with the comfort. Through these two projeds and the numerous
interviews we performed, it becane obvious that subjedive feelings grealy vary from one subed
to another and that it strongly interferes with the nations of pleasantness and comfort. In order to
further investigate this, we started a new projed entirely devoted to the study of the impad of
personality in the resporses to luminous ambience

3. Dimensions of personality in the responsesto luminous ambience

In the first and second ptlases of this work, the popuation consisted in professors, students
(mainly from our schod, accustomed to the library) and librarians. We have nat studied them in
order to know if they were, for example, anhedonic or anxious etc, nar did we interviewed people
who dd na like to come. We have mnsidered them as average. This is one of the weakness of
these works. Answers have been interpreted as if people were dl psychologically equivalent or
average (withou defining this average). To coll ect reliable results and analysis related to luminous
ambience, we started to search for methods within a multidisciplinary projed. The results of the
first year of the project, o methods to take into accourt dimensions of persondlity in the study of
luminous ambience are presented here. These methods are arrently used in the second art of the
projed which will be finished in eighteen months.

3.1. Objective

The research performed in the past few years led us to study the links between the perceptivo-
cognitive handling of luminance and chromaticity and the ways ocial spaces are used according to
their luminous ambience. It will help us better understand subjeds’ resporses to luminous ambience
and to identify charaderistics of comfort and deasantness This knowledge shoud, in ou opinion,
allow improving the design d interior spaces.

3.2. Methodology

3 linked approades are used: we test subjeds in laboratories and select some of them according
to their psychalogical profile. We measure specific luminous ambience in the chosen space and
observe the behaviour of seleded subjeds in these spaces. We modify the luminous ambience of
these spaces and then study the behaviour of similar (same psychadogicd type) subjeds in these
modified spaces.

3.2.1. 8leded sites

Two sites have been seleded for our experiments: the cdé of the Grand Palais Museum in Paris
and the cfé of the new ingtitute of psychdogy in Boulogne. The selected spaces have been
designed for rest where of comfort and deasure ae esential. The interior design and the lighting
system are modern. Therefore, the results will i nterest professonal people having to design rest
gpaces. The ambiences of the sdleded spaces are dready of good quaity and the luminous
ambiences rather pleasant. They are not monaonous or uniform throughou the whole space. There
are two o three zones with dfferent luminous ambiences in ead space They are illuminated by
both natural light and artificial sources as complement. We hope that people will choase their
places esentially acocording to the space taraderistics and, in particular, aacording to the luminous
ambience To minimise the @nstraints due to a aowded space, we perform our study during off-
pegk hous when the degreeof freedom is greater.

After the studies described in this paper on the actual ambience in these spaces, we will design a
secondluminous ambience (cdl ed modified ambience) for eat space. This modified ambience will
be based on the definition d a new architedural concept of the anbience. We will aso use the
behavioural data we will have mlleded from the study in the sites with the initial ambience The
modified ambience will be designed using partia protections from natural light and carefully
chaosen artificial lights we will add. We will be particularly careful with the type of lights to add and
their paositions.
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We will transform the contrasts and the gradua ranges of luminance We may, for example,
transform an existing monaonous zone, with no persondlity, into a cdm, soft, littl e lighted zone
with soft gradual ranges of luminance, very soft contrasts. Ancther zone can be transformed into a
rather dynamic and animated one with strong contrasts, etc. Quantitative values for contrasts and
gradual ranges of luminance for the initial ambience are measured and those for the modified
ambience will be studied theoreticdly and bult in the sites. The influence of contrasts and gradual
ranges of luminance on comfort and deasantnessof the luminous ambience will be validated by the
modificaion d the users’ behaviours we will observe.

3.2.2.Measurements

We will measure luminance levels, ill uminance and chromaticities on oaque and glazed interior
surfaces in the seleded spaces with lux-chromameter and luminance-chromameter. We will present
the distribution d luminance on a luminance diagram for each ambience (initial and modified), for
eat zone and each field of vision. We will use adefined protocol of measurements where several
problems (variability of exterior luminance sky types, chromaticity of light, etc.) have been
studied. Among the five sky types we have thosen the overcast sky because changes in the exterior
luminous flux can only induce propartional changes of the interior luminance levels, bu not of
modify the luminance distribution. Therefore, within limits, variations in the exterior lighting will
not prevent the continuation o the study.

3.2.3.Interpretation o measured daa andlinks with quditative eypressons

These measured data will be interpreted and analysed to determine contrasts, gradual ranges of
luminance and the main chromaticity. These results will be used by the study of people’ s behaviour.
Seoondy, we will | ook for the opinions of popuations on the sites abou their fields of vision. It
will be used to find links between the quditative expressons and the quantitative measured data.

3.2.4.Eledrophysiological approach in labaratory

We have 48 wealthy subjects -16 reducing anhedoric, 16 augmenting anhedonc and 16 non
anhedonic (control group) subjects deteded by a questionraire. The recording of Event Related
Potentials is performed in a room with a cmplete aoustic insulation. Subjeds are installed in a
comfortable and adjustable armchair. The brain adivity is recorded onthe surface of the head by 31
eledrodes according to the international configuration o the 10-20 system. ([13] [14])

The stimuli are based on contrasts. The subjects have in front of them a screen on which 50
images will be displayed in a spedfic order. These fifty images represent 10 scenes with 5 dfferent
contrast levels and we reaord their readions to contrasts. Hence, we measure the pleasure the
subjeds fed depending on the level of contrasts. Then one haf of these subects, whose
personality’ s dimensions are now well known, will go to the sites where the initial ambience has
been studied. The second helf will go to the sites when the modified ambience is applied. Their
behaviour will be studied using the psycho-environmental methods.

3.2.5.Colleded daa duing onsite exeriments

The analysis of behaviours will deted threetypes of information, the exad position chasen by
people, the body orientation d people in the space and the wlledive or individual use of the space

In a first phase, videos will be recorded to olserve the behaviour of people (the 3 groups
previously studied in the laboratory and the general popuation) in the spaces. During this phase, the
observation grid and the categories for the ading of questions will be designed and validated. The
observation methods in situ and the method d experimental mapping, to buld density maps and
occupation modes of a space, have been largely validated ([15] [16]).

Seoondy, a semi-directed interview will be proposed to every subjed in the spaceto colled their
preferences abou spaces for rest and their perception d the achitectural quality of the site and of
the luminous ambience These interviews will also be used to colled the reasons people will give to
explain the places they choase in the space ad how they charaderiseiit.
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Finally, questionnaires corresponding to the scales for sensation seeking and anhedony will be
given to the general population (who was not tested in our laboratory) who participated in the
interviews in order to get information about their psychological attitude towards pleasure (hedony,
anhedony, etc.). It is aless detailed method than ERP tests in a laboratory, but it still enables us to
get some information about the psychological profile of people.

4. Conclusion

This paper briefly presents several projects undertaken in the past few years. This line of
research is amed at providing architects help to design comfortable and pleasant luminous
ambience. Some specific parts of this paper have been published separately over the years. The
overall research is presented here with perspective on future work.

This work began with an analysis of quantitative and qualitative data regarding luminous
ambience. We have defined a protocol of luminance measurements for interior spaces for the
overal interior surfaces and not only for working spots. This protocol (necessary because of the
variability of natural light) helps to define extreme situations. It allows us to have comparable data
and to rebuild intermediate cases if necessary. We have recorded and compared measures and
qualitative (subjective) expressions for several spaces. This comparison was our basis to build
definitions, founded on measured data, for qualitative expressions on luminous ambiences. It can
also be used to enrich the language on luminous ambience and be of great help on the classification
of luminous ambiences. We use this comparative approach in teaching in our school of architecture.
We built a method to help structuring luminous ambience in natura lighting and develop a first
implementation in neural nets. During this project, it appeared that people do not necessarily
associate comfort and pleasantness. As this seemed to be generalised, we investigated this issue.

The possible conflict between comfortable and pleasant is a frequent issue in existing ambiences.
We have tried to put forward some elements to answer this question using measured data. We
showed that a luminous ambience may be comfortable but not pleasant, or pleasant but not
comfortable. Comfort and pleasantness are two theoretically opposed notions. absence of
psychological tensions for comfort, existence for pleasantness. However, we showed that they are
not antagonistic when one is trying to build a good luminous ambience. A certain amount of
discomfort may give some spice to a possibly dull situation, hence bring some pleasantness. The
delicate question of these limits remains open. It is not our purpose to remind people that they
should respect or not respect norms. But we showed tensions may be necessary for pleasantness.

The examples we presented show that even in renowned buildings, too uncomfortable situations
may arise. Why is that? Do architects think that recommendations are useless, do they build their
own criteria? Do they not know recommendations, or are they not even aware of the problem? As
we have tried to show, the ignorance of recommendations may lead to unpleasant and not liveable
ambiences and the strict respect of norms is not a goa in itself which may guaranty a good
[uminous ambience.

In fact, norms and recommendations in daylighting are rather general. Even if they are
necessary, they are insufficient to design a pleasant luminous ambience. With his’her ability and
creativity, architects should integrate existing recommendations in the design, but also adapt them
to new situations while avoiding unpleasant ambiences. Of course, it requires a deep understanding
of these phenomena and more than a superficial knowledge of norms and techniques. It requires a
genuine culture of ambience which one should begin to acquire during his/her study in architecture.

This work on pleasantness based on interviewed subjects showed us that individual perceptions
greatly differ from on subjects to another. In order to verify the validity of our results and to
improve our understanding our luminous ambience, we started a project focused on the importance
of the dimensions of personality in the subjective responses to luminous ambience.

We expect to better understand reactions to luminous ambience by individuals having different
perceptive sensitivity. It will allow to better defining the notions of comfort and pleasantness for
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luminous ambiencein rest spaces. In architedural design, professonals use qualitative expressons.
Our results will allow to better link this qualitative gpproach to quantitative and experimental data.
Thislink will gredly facilit ate the integration d the results of this gudy by the professonals.

Several results are expeded from this work, the main ores are:

- Identify contrast thresholds and levels for gradual range of luminance which are mmfortable and
pleasant for people with knovn sensitivity (extreme or not). It will help to advance this current
debate in architedure. Moreover, as artificial lighting is used by architects and wsers to change
contrasts and gradual ranges of luminance to oltain a pleasant ambience, these threshalds will
help control and ogimise the expenditure of energy.

- Understand the aljustment behaviour of people having a hyper or hyposensitivity.

- Identify the aiteria expressed by usersin the choice of aplacein a afé and determine, among all
given criteria, the oneslinked to luminous ambience

- Improve the analysis and interpretation models to define luminous ambiences and link them to
qualitative expressonsin order, for example, to develop simulationtoals for luminous ambience

- Improve measurement protocols in artificial/natural lighting mainly with chromaticity integration.

- Offer a better understanding of the use of rest spaces by linking the behaviour of people and the
given reasons, that is between the representations of individual motivations and adual behaviours.
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