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THE INTERNATIONAL COMMISSION ON ILLUMINATION 

The International Commission on Illumination (CIE) is an organization devoted to international co-operation and exchange 
of information among its member countries on all matters relating to the art and science of lighting.  Its membership 
consists of the National Committees in about 40 countries. 
The objectives of the CIE are: 
1. To provide an international forum for the discussion of all matters relating to the science, technology and art in the 

fields of light and lighting and for the interchange of information in these fields between countries. 
2. To develop basic standards and procedures of metrology in the fields of light and lighting. 
3. To provide guidance in the application of principles and procedures in the development of international and national 

standards in the fields of light and lighting. 
4. To prepare and publish standards, reports and other publications concerned with all matters relating to the science, 

technology and art in the fields of light and lighting. 
5. To maintain liaison and technical interaction with other international organizations concerned with matters related to 

the science, technology, standardization and art in the fields of light and lighting. 
The work of the CIE is carried on by seven Divisions each with about 20 Technical Committees.  This work covers 
subjects ranging from fundamental matters to all types of lighting applications.  The standards and technical reports 
developed by these international Divisions of the CIE are accepted throughout the world. 
A plenary session is held every four years at which the work of the Divisions and Technical Committees is reported and 
reviewed, and plans are made for the future.  The CIE is recognized as the authority on all aspects of light and lighting.  
As such it occupies an important position among international organizations. 
 
LA COMMISSION INTERNATIONALE DE L'ECLAIRAGE 

La Commission Internationale de l'Eclairage (CIE) est une organisation qui se donne pour but la coopération 
internationale et l'échange d'informations entre les Pays membres sur toutes les questions relatives à l'art et à la science 
de l'éclairage.  Elle est composée de Comités Nationaux représentant environ 40 pays. 
Les objectifs de la CIE sont : 
1. De constituer un centre d'étude international pour toute matière relevant de la science, de la technologie et de l'art 

de la lumière et de l'éclairage et pour l'échange entre pays d'informations dans ces domaines. 
2. D'élaborer des normes et des méthodes de base pour la métrologie dans les domaines de la lumière et de 

l'éclairage. 
3. De donner des directives pour l'application des principes et des méthodes d'élaboration de normes internationales 

et nationales dans les domaines de la lumière et de l'éclairage. 
4. De préparer et publier des normes, rapports et autres textes, concernant toutes matières relatives à la science, la 

technologie et l'art dans les domaines de la lumière et de l'éclairage. 
5. De maintenir une liaison et une collaboration technique avec les autres organisations internationales concernées 

par des sujets relatifs à la science, la technologie, la normalisation et l'art dans les domaines de la lumière et de 
l'éclairage. 

Les travaux de la CIE sont effectués par sept Divisions, ayant chacune environ 20 Comités Techniques.  Les sujets 
d'études s'étendent des questions fondamentales, à tous les types d'applications de l'éclairage.  Les normes et les 
rapports techniques élaborés par ces Divisions Internationales de la CIE sont reconnus dans le monde entier. 
Tous les quatre ans, une Session plénière passe en revue le travail des Divisions et des Comités Techniques, en fait 
rapport et établit les projets de travaux pour l'avenir.  La CIE est reconnue comme la plus haute autorité en ce qui 
concerne tous les aspects de la lumière et de l'éclairage.  Elle occupe comme telle une position importante parmi les 
organisations internationales. 
 
DIE INTERNATIONALE BELEUCHTUNGSKOMMISSION 

Die Internationale Beleuchtungskommission (CIE) ist eine Organisation, die sich der internationalen Zusammenarbeit und 
dem Austausch von Informationen zwischen ihren Mitgliedsländern bezüglich der Kunst und Wissenschaft der Lichttechnik 
widmet.  Die Mitgliedschaft besteht aus den Nationalen Komitees in rund 40 Ländern. 
Die Ziele der CIE sind : 
1. Ein internationales Forum für Diskussionen aller Fragen auf dem Gebiet der Wissenschaft, Technik und Kunst der 

Lichttechnik und für den Informationsaustausch auf diesen Gebieten zwischen den einzelnen Ländern zu sein. 
2. Grundnormen und Verfahren der Messtechnik auf dem Gebiet der Lichttechnik zu entwickeln. 
3. Richtlinien für die Anwendung von Prinzipien und Vorgängen in der Entwicklung internationaler und nationaler 

Normen auf dem Gebiet der Lichttechnik zu erstellen. 
4. Normen, Berichte und andere Publikationen zu erstellen und zu veröffentlichen, die alle Fragen auf dem Gebiet der 

Wissenschaft, Technik und Kunst der Lichttechnik betreffen. 
5. Liaison und technische Zusammenarbeit mit anderen internationalen Organisationen zu unterhalten, die mit Fragen 

der Wissenschaft, Technik, Normung und Kunst auf dem Gebiet der Lichttechnik zu tun haben. 
Die Arbeit der CIE wird in sieben Divisionen, jede mit etwa 20 Technischen Komitees, geleistet.  Diese Arbeit betrifft 
Gebiete mit grundlegendem Inhalt bis zu allen Arten der Lichtanwendung.  Die Normen und Technischen Berichte, die von 
diesen international zusammengesetzten Divisionen ausgearbeitet werden, sind auf der ganzen Welt anerkannt. 
Alle vier Jahre findet eine Session statt, in der die Arbeiten der Divisionen berichtet und überprüft werden, sowie neue 
Pläne für die Zukunft ausgearbeitet werden.  Die CIE wird als höchste Autorität für alle Aspekte des Lichtes und der 
Beleuchtung angesehen.  Auf diese Weise unterhält sie eine bedeutende Stellung unter den internationalen 
Organisationen. 
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This Technical Report has been prepared by CIE Technical Committee 3-34 of Division 3 
“Interior Environment and Lighting Design” and has been approved by the Board of 
Administration as well as by Division 3 of the Commission Internationale de l'Eclairage. The 
document reports on current knowledge and experience within the specific field of light and 
lighting described, and is intended to be used by the CIE membership and other interested 
parties. It should be noted, however, that the status of this document is advisory and not 
mandatory.  
Ce rapport technique a été élaboré par le Comité Technique CIE 3-34 de la Division 3 
"Environnement intérieur et étude de l'éclairage" et a été approuvé par le Bureau et Division 3 
de la Commission Internationale de l'Eclairage. Le document expose les connaissances et 
l'expérience actuelles dans le domaine particulier de la lumière et de l'éclairage décrit ici. Il 
est destiné à être utilisé par les membres de la CIE et par tous les intéressés. Il faut 
cependant noter que ce document est indicatif et non obligatoire.  

Dieser Technische Bericht ist vom Technischen Komitee CIE 3-34 der Division 3 "Innenraum 
und Lichtdesign" ausgearbeitet und vom Vorstand sowie Division 3 der Commission 
Internationale de l'Eclairage gebilligt worden. Das Dokument berichtet über den derzeitigen 
Stand des Wissens und Erfahrung in dem behandelten Gebiet von Licht und Beleuchtung; es 
ist zur Verwendung durch CIE-Mitglieder und durch andere Interessierte bestimmt. Es sollte 
jedoch beachtet werden, dass das Dokument eine Empfehlung und keine Vorschrift ist.  

Any mention of organizations or products does not imply endorsement by the CIE. Whilst 
every care has been taken in the compilation of any lists, up to the time of going to press, 
these may not be comprehensive.  

Toute mention d'organisme ou de produit n'implique pas une préférence de la CIE. Malgré le 
soin apporté à la compilation de tous les documents jusqu'à la mise sous presse, ce travail ne 
saurait être exhaustif.  

Die Erwähnung von Organisationen oder Erzeugnissen bedeutet keine Billigung durch die 
CIE. Obgleich große Sorgfalt bei der Erstellung von Verzeichnissen bis zum Zeitpunkt der 
Drucklegung angewendet wurde, besteht die Möglichkeit, dass diese nicht vollständig sind.  
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GUIDE TO PROTOCOLS FOR DESCRIBING LIGHTING 

Summary 

Lighting quality encompasses human needs, architectural integration and economic 
constraints (including energy). To develop information about the luminous conditions that will 
fulfil lighting quality goals in various settings one needs to know how people respond, in the 
broadest sense, to electromagnetic radiation detected by the eye and processed by various 
physiological systems. Common definitions and measurement protocols for lighting 
installations are needed to support this work and to support communication with designers. 
This guide, the work of CIE Technical Committee 3-34, establishes a catalogue of application-
independent descriptors of lighting and protocols associated with each descriptor. The 
committee developed a system of two categories of descriptors: basic descriptors, which 
ought to be reported in any project and which can generally be measured with relatively 
simple equipment, and specialized descriptors, which will not always be required and the 
measurement of which is more complex. This document is intended to aid the development of 
lighting quality concepts by providing a common basis for communication about the luminous 
conditions, existing or planned, in a space. By using the definitions provided here, and by 
following the protocols and the overall procedure, writers and readers alike can come to a 
deeper understanding of the physical conditions that stimulate human responses to light in the 
built environment. 

 

GUIDE DES PROTOCOLES DE DESCRIPTION D'ÉCLAIRAGE  

Résumé 

La qualité de l'éclairage englobe les besoins de l'être humain, l'intégration architecturale et 
les contraintes économiques (y compris les contraintes énergétiques). Pour fournir de 
l'information sur les conditions lumineuses qui répondront aux objectifs de qualité en matière 
d'éclairage sous diverses conditions, on a besoin de connaître, au sens large, la réaction des 
gens aux radiations électromagnétiques détectées par l’œil et traitées par divers systèmes 
physiologiques. Des définitions et protocoles de mesure communs pour les installations 
d'éclairage sont nécessaires pour soutenir ce travail et communiquer avec les concepteurs. 
Ce guide, travail du comité technique 3-34 de la CIE, élabore un catalogue de descripteurs 
d'éclairage indépendants des applications et des protocoles associés à chaque descripteur. 
Le comité a mis en relief deux catégories de descripteurs : les descripteurs basiques, qui 
doivent figurer dans chaque projet et qui peuvent être généralement mesurés avec un 
équipement relativement simple; et les descripteurs spécialisés, qui ne sont pas toujours 
requis et dont la mesure est plus complexe. Ce document a pour but d'aider à l'élaboration de 
concepts en matière de qualité d'éclairage en offrant une base commune de communication 
sur les conditions lumineuses dans un espace, existantes ou planifiées. En utilisant les 
définitions fournies ici, et en suivant les protocoles et la procédure générale, les rédacteurs 
comme les lecteurs comprendront mieux les conditions physiques qui stimulent les réponses 
humaines à la lumière dans l'environnement bâti.  

 

LEITFADEN FÜR PROTOKOLLE ZUR BESCHREIBUNG DER BELEUCHTUNG 

Zusammenfassung 

Lichtqualität ist verknüpft mit menschlichen Bedürfnissen, architektonischer Einbindung und 
ökonomischen Randbedingungen (inklusive Energie). Um die zur Erzielung von Beleuch-
tungsqualität in verschiedenen Szenarien erforderlichen Daten über die Beleuchtungsbedin-
gungen zu erstellen, muss man wissen, wie Menschen, im weitesten Sinne, auf elektromag-
netische Strahlung, welche vom Auge erfasst und durch verschiedene physiologische 
Systeme verarbeitet wird, reagieren. Allgemeingültige Definitionen und Messprotokolle für 
Beleuchtungsinstallationen werden benötigt, um diese Arbeit und die Kommunikation mit 
Planern zu unterstützen. Dieser Leitfaden, ausgearbeitet vom Technischen Komitee 3-34 der 
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CIE, führt einen Katalog von anwendungsunabhängigen Beleuchtungs-Deskriptoren und 
Protokollen, die jedem einzelnen Deskriptor zugeordnet sind, ein. Das Komitee entwickelte 
ein aus zwei Deskriptor-Kategorien bestehendes System: grundlegende Deskriptoren, die in 
jedem Projekt beschrieben werden sollten und welche im Allgemeinen mit relativ einfacher 
Gerätschaft gemessen werden können, und spezielle Deskriptoren, die nicht immer erforder-
lich sein werden und deren Messung komplexer ist. Dieses Dokument soll die Entwicklung 
von Lichtqualitäts-Konzepten durch Bereitstellung einer allgemeingültigen Basis für die 
Kommunikation der Beleuchtungsbedingungen, bestehenden oder geplanten, in einem Raum 
unterstützen. Durch Gebrauch der hier bereitgestellten Definitionen und durch Befolgung der 
Protokolle und des gesamten Vorgehens können Schreiber wie auch Leser zu einem tieferen 
Verständnis der physikalischen Bedingungen kommen, die zur Stimulierung menschlicher 
Reaktionen auf Licht in der gebauten Umwelt führen. 
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1 Introduction 

1.1 Terms of Reference 
Most lighting design is for spaces occupied by people, with installations intended to support 
their activities and needs. Although historically the emphasis was on designing primarily to 
make tasks and objects visible, there has been a shift of late to a more inclusive consideration 
of the needs of people in spaces. CIE has been part of this shift in emphasis, convening the 
First CIE Symposium on Lighting Quality in 1998. One outcome of this event was a more 
broad definition of lighting quality, encompassing human needs, architectural integration and 
economic constraints (including energy) (Veitch 1998; Veitch et al. 1998) (Figure 1).  

 

Figure 1 — Lighting quality definition developed at the First CIE Symposium on 
Lighting Quality (Veitch 1998) 

There has been a persistent desire to develop information about the luminous conditions that 
will fulfil lighting quality goals in various settings. However, to generate this information one 
needs to know how people respond, in the broadest sense, to electromagnetic radiation 
detected by the eye and processed by various physiological systems. Researchers who wish 
to improve our understanding in this area require common definitions and measurement 
protocols to achieve the goals of replication that are necessary for scientific advances. These 
definitions and protocols will be most useful to designers if they are in common with the 
information available during the design process, and if they take into consideration the other 
factors that designers must incorporate in their work. The absence of such agreement was 
clear at a workshop at the 1999 Warsaw session of the CIE (Veitch et al. 1999), following 
which TC 3-34 was created.  

The Terms of Reference of TC 3-34 were: 

1) To establish a catalogue of application-independent descriptors of lighting. 
2) To provide relevant, specific, objective definitions of supporting concepts (e.g. 'field of 

view'). 
3) To develop a measurement protocol for each of the descriptors, with the goal of achieving 

protocols for use equally by researchers, in recommendations and in design. 
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4) To prepare a strategy and action plan for widespread promulgation and application of 
these protocols and definitions by researchers, journal editorial boards, lighting educators, 
CIE Technical Committees and Standards, and in other lighting organizations. 

Our founding principle is the recognition that research and design have a common need for 
clarity, both in the language used to describe the physical stimulus, whether it be from the sky 
or from electric or combustion sources, and in the elements that one uses to describe that 
physical stimulus in a space. This need for commonality includes both the qualitative words 
we use and the measurement protocols for those elements that have quantitative 
measurements. This report is an attempt at establishing these definitions in a practical way 
that both researchers and designers can use.  

As part of CIE Division 3 (Interior Environment and Lighting Design), the focus of this 
committee is lighting for interiors. The reader may judge the extent to which the contents may 
also apply to exterior or other lighting applications. 

1.2 Scope of the Report 
The challenge of precise terminology is large and begins with the use of the word “light”. The 
1978 CIE document “Light as a true visual quantity” defined light as “…radiant power 
weighted according to the spectral sensitivity of the human eye” (CIE 1978). The CIE 
presently offers two international standard definitions (CIE 2011):  

1: characteristic of all sensations and perceptions that is specific to vision 

2: radiation that is considered from the point of view of its ability to excite the human 
visual system  

The International Lighting Vocabulary goes on to specify that if there is a possibility of 
confusion between these meanings, the term “perceived light” is to be used in place of the 
first meaning. 

This second meaning is the sense in which the word “light” is used in this report. Light is the 
medium that carries information to the visual system (in the form of variations in radiant 
energy over time, wavelength and intensity). This electromagnetic radiation, both direct and 
reflected from objects in space, stimulates chemical reactions in the eye that, interpreted, 
lead to perception, emotion and action (Figure 2). The scale of information conveyed visually 
extends from the largest expanse of the surroundings through the smallest details.  

 

Figure 2 — Schematic representation from the physical manifestation to the viewer's 
responses 

Light is the stimulus, the physical quantity that initiates sensory, perceptual, cognitive and 
behavioural processes that researchers study and that are the outcomes that lighting 
designers seek to animate in the people who experience their creations. The aim of most 
behavioural or human factors research in lighting is to understand the specifics of this 
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sequence. For example: What room surface luminance makes a room appear pleasantly 
bright? How does a dark ceiling make a space appear cave-like; or when might it appear 
intimate? It may be said that lighting designers use this sequence in reverse: they begin from 
understanding the desired end-point; knowing the viewer, understanding the emotions or 
actions that are wanted in response to the lighting installation. The job of the lighting designer 
is to work backwards, to develop a lighting scheme that will elicit the desired response.  

There are three senses in which one might use the phrase “to describe lighting”: 

1) to specify the lighting equipment, controls and layout for the purposes of design and 
installation; 

2) to report the physical parameters that produce the visual sensation in the person in the 
space; and 

3) to describe the distribution of light as it affects the appearance of the space and the 
objects in it under a given set of physical parameters. 

The focus of this committee report is on the specification of the physical quantities 
encompassed by items 1 and 2 above. This report draws a clear distinction between the 
physical and the experiential. We are concerned here with describing the stimulus, not the 
response; we find that in some respects the lighting literature confuses the two. 

Consider, for example, complex mathematical formulae for combining physical quantities into 
indices, such as the Unified Glare Rating (UGR) or the Daylight Glare Index. The values in the 
index are not the same as the experience. If one has calculated UGR, one has applied a 
particular model about the inter-relation of adaptation luminance, source luminance, size and 
position, and has made a prediction concerning the likely degree of discomfort that occupants 
might experience. We tend to overlook or to forget that this is a prediction, not a 
measurement of discomfort, and that the prediction of a psychological phenomenon has 
random error. Although few people may believe that UGR or other glare prediction models 
fully account for the experience, we rarely discuss other variables that could influence 
whether or not that set of physical conditions will or will not lead to discomfort – for in some 
contexts, areas of high relative luminance that mathematical formulae would predict to be 
uncomfortable are perceived as interesting points of sparkle. Our imprecision leads us to think 
we fully understand the phenomenon.  

1.3 Report Content and Structure 
The purpose of the rest of this report is to provide a means to avoid perpetuating imprecision 
by providing a common set of procedures and protocols for specifying the physical quantities 
to which the viewer responds. The committee has developed a common set of protocols for 
measuring and reporting the physical stimulus, to permit replication of the scientific work and 
to form a consistent, common practice for designers in talking about and describing lit spaces. 
This report comes as we shift to a broad approach to lighting research and design, related to 
the visual experience as a whole, considering peripheral as well as central, foveal vision, and 
considering the broad range of human behaviours and responses. This wider approach also 
incorporates non-visual biological processes, such as those discussed in CIE Publication 158 
Ocular lighting effects on human physiology and behaviour (CIE 2004/2009). 

Clause 2 of the report provides a brief overview of the sensory, perceptual, appraisal and 
non-visual processes triggered by the receipt of ocular light. Its purpose is to lay the 
foundation for the body of the report. Clause 3 lays out a procedure for describing lighting. 
Clause 4, the body of the report, consists of a catalogue of lighting descriptors, organized into 
broad categories. We provide a definition for each category, then a list of descriptors. For 
complete characterization, one would need to specify all the descriptors provided for all the 
categories. However, this level of detail is more than most researchers or designers will need; 
therefore we have provided a set of Basic Descriptors and one of Specialized Descriptors. All 
of the Basic Descriptors are necessary to form a minimally complete specification of a lighting 
environment. Where possible, the specialized descriptors should be included as well for a 
thorough specification. 
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2 Human Responses to Light 

2.1 Visual Processing 
This view of vision stems from fundamental research in vision physiology from 1930-50 
summarized by Gibson (1950) and in the 1967 Nobel lectures of Granit (1970), Hartline 
(1970) and Wald (1970), who shared the prize for Physiology or Medicine for their roles in 
developing this knowledge. Other relevant research was collected and reprinted by Haber 
(1968). This body of research by many scientists revealed comparative signal processing that 
begins in the nerve layer of the retina, establishing that visual information of any kind – all we 
see – is built upon contrasts, created by differences of brightness and/or colour that in layers 
of processing and through experience are understood as meaningful form. This was a new 
understanding of vision as an image-processing system, transforming retinal images into 
mental representations of full-scale three-dimensional spaces through a series of biochemical 
processes. This is effected by an optical imaging system in the eye connected by the optic 
nerve to a complex processing system in the visual cortex. The steps of this process are 
generally described as Sensation – Perception – Cognition & Emotion.  

2.1.1 Sensation 
The eyes are optical receivers for radiant energy between 380 nm and 780 nm, focusing 
structured information about the external world in the form of images upon the retina. Intrinsic 
comparative processes in the nerve layer of the retina transform this flow of physical stimuli 
into sensory stimuli, defined by the types of radiant energy detected and by differences of 
radiant energy between parts, as decoded from the retinal images. Physically, these 
differences define the space by contrasts, as determined by the external lighting conditions 
and the properties of the illuminated surfaces.  

The physical stimulus for vision is radiant energy between 380 nm and 780 nm, but energy is 
not what we see. The radiant energy is the carrier of information. The pattern created by 
streams of photons giving rise to retinal images is the starting point for the brain’s 
interpretation processes. 

In the nerve layers of the retina, by signal processing, optical stimuli are transformed into 
sensory stimuli. Each visual photoreceptor cell produces bioelectrical signals at approximately 
50 s−1 in response to the intensity and spectral composition of the received radiant energy, 
according to the cell's function. Cells called rods respond to achromatic luminance at 
adaptation luminances less than ~10−3 cd·m−2 (scotopic range). Cones occur in three forms, 
each with a different spectral sensitivity; they are responsible for colour vision and operate at 
adaptation luminances > 3 cd·m−2 (photopic range) (Boyce 2003). (Between the scotopic and 
photopic ranges lies the mesopic range, where both types may operate to different degrees.) 
Signals from rod and cone photoreceptors are sent to ganglion cells, which compare and 
combine signals to create sensory information concerning the contrast pattern of the visual 
field, as described by the radiant differences of retinal images, both in terms of intensity and 
colour. This contrast pattern information is sent via the optic nerve to higher brain centres for 
perceptual processing. 

The processing simultaneously comprises processing from wide angles, which comprehends 
large-scale space (peripheral vision, with predominantly rod photoreceptors and relatively 
fewer cones) and narrow angles, which process fine details and colour (central vision, with 
cone photoreceptors of three types). The wide-angle big scale system cannot detect details, 
and the small scale system cannot support spatial processing.  

2.1.2 Perception, Cognition, Emotion 
The optic nerve transmits this flow of information to the brain, which further interprets the 
sensory stimuli. From the flow of sensory stimuli, conveying information about contrast 
patterns and light intensity, arises all visual experience. The separate two-dimensional retinal 
images from the two eyes are recombined into a full-scale three-dimensional space and 
interpreted as meaningful on the basis of prior experience and memory (Gregory 1998; 
Sekuler and Blake 1990). Perception is largely dependent on recognition of previously-
encountered patterns. Conditions that have not previously been encountered, or that impose 
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contradictions in processing, can give rise to the experience that we label optical illusions. 
Such conditions may attract attention or arouse interest and are sometimes employed 
purposefully in lighting design. 

Rather than being errors in visual processing, worthy of dismissal, optical illusions reveal to 
us that what we see is not a perfect re-creation of the physical world, but an interpretation of 
the stimuli it provides to us. For example, environmental experience influences perception. 
The “carpentered world hypothesis” suggests that experience in environments dominated by 
straight lines, square corners and rectangular objects – as are common in the industrialized 
world – will lead to an increased susceptibility to visual illusions that rely on interpretation of 
corners (the Müller-Lyer and Sander parallelogram illusions). Several cross-cultural 
investigations obtained support for this hypothesis (Dawson et al. 1973; Segall et al. 1966; 
Smith 1973; Stewart 1973; Stewart 1974), although other results were less clear-cut 
(Hautaluoma and Loomis 1972; Jones 1974). A related hypothesis, also with mixed empirical 
support, holds that experience with broad horizontal vistas (such as a prairie sky or a 
seascape, as opposed to a constrained urban setting) will lead to increased susceptibility to 
horizontal-vertical illusions (Hautaluoma and Loomis 1972; Pollnac 1977; Segall et al. 1966). 
Despite uncertainty about these specific instances of environmental influences, it is clear from 
the body of research that the eye and brain do not function as a simple camera (Gregory 
1998; Sekuler and Blake 1990). 

Among the easier individual differences to study is age. With age, changes to the eye and to 
the speed of neural processing lead to reduced contrast, changed colour detection and slower 
response (e.g. Boyce 2003). It becomes more difficult to see small details or to detect fast-
moving objects. Under fixed lighting conditions an older person will perceive a different world 
than a younger person. This is but one example, to underscore the importance of completely 
characterizing the context under consideration; the physical measurements alone are 
inadequate to understand their meaning to the viewer.  

The fact that perception is an interpretive process implies a substantial shift in the 
understanding of physical measurements. By definition, these concern physical entities, and 
there is only one point at which physical measurements perfectly predict the visual response: 
In a totally dark space, we cannot see. When there is light, the relation between lighting and 
seeing is complex, and the physical measurements themselves say little about what the 
viewer will experience from a scene. Their utility is limited to informing us about the physical 
stimuli that initiate the visual process. Photometric instruments measure streams of photons, 
not perceptions. The measurements might tell us what contrasts there are in the space; they 
might be used as inputs into one or more separate predictive model(s) to provide an average 
response(s) in a limited range of dimensions (e.g. discomfort; visual performance); but they 
do not in themselves tell us completely how individuals interpret and construct physical stimuli 
into meaning. Similarly, measurements of sound can describe its intensity and frequencies, 
but knowing this alone does not describe the sound of Beethoven's Ninth Symphony - the 
physical measurements do not contain the meaning of the stimulus.  

The very complexity of the processes of vision require that we understand not only the 
physical stimulus but also the wider context in which it occurs, in order to come to a better 
understanding of how lighting can influence human experience. One may carefully describe 
the lighting properties, but to appreciate the interplay of a lighting scheme and the objects and 
space that it lights requires an appreciation of the partnership of light, visual processing and 
the characteristics of the viewer. 

At a higher level of interpretation we find integrated judgements of the appearance of the 
space and the objects within it. These appraisals concern the architectural or interior design 
as revealed by the lighting. Such appraisals include concepts such as information content, 
mystery, privacy and style; a complete catalogue of the qualities that viewers judge has not 
been developed. At a further level of processing are emotional and cognitive responses to the 
image perceived. What we see can, for example, cause us to feel happy or safe, to appreciate 
beauty or ugliness or to feel discomfort. These responses are internal to the viewer, but have 
external representations in the behaviour of the viewer and in the individual’s reports of his 
experiences. Despite the large differences between individuals in these responses, general 
principles may be developed, for example by using quantitative behavioural research tools, 
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e.g. (Veitch and Newsham 1998) or phenomenological methods, e.g. ( Franck 1987; Low 
1987). 

2.2 Non-Visual Processing 
Advances in physiology and anatomy have revealed that there exists a second system by 
which light and dark are detected and through which they influence a variety of bodily 
functions (CIE 2004/2009). This system is based primarily on detection by an array of 
photoreceptive ganglion cells in the retina (Berson et al. 2002; Hattar et al. 2002). These 
cells, known as intrinsically photoreceptive retinal ganglion cells (ipRGCs) project through a 
structure known as the retinohypothalamic tract (RHT) to the suprachiasmatic nucleus of the 
hypothalamus. This brain structure sends information about photic and non-photic stimuli to a 
variety of brain structures (Klein et al. 1991), thereby regulating the release of almost all 
hormones, including melatonin, cortisol, insulin and growth hormone (Czeisler et al. 1995).  

Several independent laboratories have developed possible action spectra for the signals from 
the ipRGCs (Brainard and Provencio 2006), of which the most widely-known are those of 
Brainard et al. (2001) and Thapan et al. (2001). Over all studies, the spectra peak is in the 
range from 459 nm to 484 nm – demonstrably different from the action of either the rods or 
cones that produce visual information, a fact that is part of the logical support for the 
identification of the ipRGCs. Among other implications, the fact that the action spectrum for 
the photoreceptive cells is different from V(λ) and V'(λ) means that the usual quantities for 
photopic or scotopic luminous flux are inappropriate for the expression of non-visual, 
biological effects. However, (at the time of writing) there is not yet a standard spectral 
sensitivity function for ipRGC-mediated processes, the establishment of which is the province 
of CIE Division 6 (Photobiology and Photochemistry). For the moment, the best recourse for 
researchers is to specify the spectral power distribution of light sources, the spectral 
reflectances and/or transmittances of materials, and (if possible) the spectral irradiance of 
light reaching the eye, while using photopic illuminance values to indicate light intensity.  

Of the many processes receiving input from the RTH, melatonin release by the pineal gland 
has received the most attention from researchers. Melatonin is secreted at night, in darkness, 
but can be suppressed by acute light exposure (Brainard et al. 1994; Lewy et al. 1980). Much 
of the evidence for the separate information pathway derives from this phenomenon. Studies 
of regular circadian rhythms of melatonin release and of the use of light to alter the timing of 
melatonin production, have revealed much about sleep-wake cycles and have led to practical 
interventions for treating sleep disorders, jet lag and adjustment to night-shift work (CIE 
2004/2009). Light treatment for seasonal mood disorders has been another fruitful area of 
research, although the mechanism for its action remains unknown (CIE 2004/2009). There is 
also a growing literature to suggest that melatonin suppression by light at night might be 
harmful to human health (Costa et al. 2010; Stevens et al. 2007), and that evening light 
exposure from common household devices can disrupt circadian rhythms (Gooley et al. 2011; 
Wood et al. 2013). 

A separate line of research suggests that the daytime light exposures of people in 
industrialized countries might be too low. Even in sunny locations such as southern California 
(latitude 32°N) and especially in more northerly latitudes (e.g. Montreal, Canada, latitude 
45°N), most people spend their waking hours exposed to 100 lx – 1 000 lx (Cole et al. 1995; 
Espiritu et al. 1994; Hébert et al. 1998). A Finnish research group in Helsinki (latitude 60°N) 
has demonstrated and replicated the finding that increasing the light dose by a modest 
amount – by increasing the illuminance level in a gymnasium visited three times per week for 
an hour each time – can increase feelings of vitality and well-being and reduce atypical 
symptoms of depression (such as carbohydrate craving and weight gain) (Leppämäki et al. 
2002a; Leppämäki et al. 2002b; Partonen et al. 1998; Partonen and Lönnqvist 2000). 
However, there is too little information as yet to provide specific guidelines for the necessary 
daily light dose. Such guidelines would need to be specific in terms of the intensity, duration, 
spectrum, timing and pattern of light exposure, as these are the variables to which the non-
visual photoreceptive system is known to be sensitive.  

CIE Technical Committee 6-11 produced a technical report, CIE 158:2004, in 2004 (replaced 
by CIE 158:2009 after inclusion of an Erratum (CIE 2004/2009)), which summarized the then-

Copyright International Commission on Illumination 
Provided by IHS under license with CIE Licensee=Hong Kong Polytechnic University/9976803100, User=ertert, rtet

Not for Resale, 05/10/2015 02:57:12 MDTNo reproduction or networking permitted without license from IHS

--```,``,,```,,,`,,`,``,````,`-`-`,,`,,`,`,,`---

Full document details: CIE 213-2014

http://www.avadocuments.com/doc/cie-213-2014
http://www.avadocuments.com/doc/cie-213-2014


  CIE 213:2014 

7 

current literature on the non-visual effects of optical radiation. The committee formulated five 
principles of healthy light, as a starting point for considering possible lighting applications: 

1) The daily light dose received by people in Western countries might be too low.  
2) Healthy light is inextricably linked to healthy darkness. 
3) Light for biological action should be rich in the regions of the spectrum to which the non-

visual system is most sensitive (that is, short-wavelengths in the region 459 nm – 484 nm). 
4) The important consideration in determining light dose is the light received at the eye, both 

directly from the light source and reflected off surrounding surfaces. 
5) The timing of light exposure influences the effects of the dose. 
CIE held expert symposia in 2004 and 2006 on this topic. The proceedings of these events 
contain further information on the current state of this important, evolving topic (CIE 2004b; 
CIE 2006).  

2.3 Lighting Design that Responds 
The work of a lighting designer is to direct the integration of daylighting and electric lighting to 
achieve a desired environment. This goal must combine adequate ambience and viewing 
conditions. This is a challenge in that there are various simultaneous processes to balance. 
The lighting properties that support spatial vision (peripheral) are different from the lighting 
properties that support vision of details (central). The current shift from lighting for visibility 
only to a lighting quality model reveals a growing understanding of this complexity, with 
recommendations more clearly aimed at addressing the various needs of the viewer, the 
person in the space. An example of this trend is seen in the IES Design Guide 18, “Light + 
design: A guide to designing quality lighting for people and buildings” (Quality of the Visual 
Environment Committee 2009). 

An ability to relate the complexity of the person, their experiences and their needs in the 
space to specific lighting properties is part of the competence of lighting designers and 
researchers. The very base for professional lighting research or lighting design is therefore to 
be found in the experiences themselves. The key to this skill is observation of how visual 
perception, emotions and physiology relate to physical properties of the lighting and the 
environment. The lighting designer must be able to understand the needs of the person in the 
space and the characteristics of the space, and must know how a lighting installation can help 
to meet the needs by creating the appropriate set of luminous conditions given the properties 
of the space (Figure 3). 

 

Figure 3 — Schematic lighting design process 

As part of this process, it would be useful to have a way to label the appearance of objects or 
spaces as experienced by the viewer. A system has been put forward by Cuttle (2004) to 
classify these perceptions, or as he phrased it “a classification of assumptions that underlie 
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perception” (p. 207). He has made the case that when people view interiors, they classify 
what they see according to its mode of appearance, using a common set of categories (Table 
1). The modes of appearance are associated with perceived attributes that the viewer may 
attach to objects or the scene (Table 2). Cuttle related this classification system to Waldram’s 
“designed appearance lighting” (Waldram 1954) and challenged lighting practitioners to 
develop design and engineering approaches to achieve installations based on preconceived 
appearances. This aspect of describing lighting as part of lighting design awaits further 
elaboration. 

Table 1 — Six modes of appearance (Cuttle 2004) 
(Reproduced by permission of the author and the Chartered Institution of Building Services 

Engineers) 

Mode Examples 

Non-located 
Illuminant mode Sky, ambient foga; an illuminated surface viewed 

through an apertureb; integrating sphere 

Illumination mode Ambient illumination, such as the general lighting 
within a room 

Located 

Illuminant mode A lamp or luminaire; a self-luminous object 

Illumination mode A patch or a pattern of light focused onto a 
surface or objectc 

Object 
mode 

Surface An opaque surface; an object seen by reflected 
lightd 

Volume A cloud; a plume of smoke; a transparent or 
translucent medium 

a While we know intellectually that fog is not self-luminous, ambient or pervading fog is likely 
to be perceived as a luminous body rather than as an illuminated medium. 

b Aperture is considered not to be a mode of appearance: it is a viewing condition that 
causes a patch of a surface to be perceived in a non-located mode although the aperture 
itself may be perceived in located object mode. Again, an object does not have to be self-
luminous to be perceived in an illuminant mode. 

c The located illumination mode differs from the non-located illumination mode in that the 
illumination is perceived to have size, and perhaps outline or pattern. It is not perceived to 
have three-dimensional form as it takes on the form of whatever it is focused onto. 

d It is important to distinguish between the perception of the surface and the perception of 
the incident light. Consider a surface illuminated by a flickering source: the flicker will be 
perceived as an attribute of the illumination, not the surface. 
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Table 2 — Matrix of modes of appearance and perceived attributes (Cuttle 2004) 
(Reproduced by permission of the author and the Chartered Institution of Building Services 

Engineers) 

Perceived 
attributes 

Modes of Appearance 

Non-
located 

illuminant 

Non-
located 

Illumination 

Located 
Illuminant 

Located 
Illumination 

Located 
Surface 

Located 
Object 

Brightness X X X X   

Lightness     X X 

Hue X X X X X X 

Saturation X X X X X X 

Flicker X X X X   

Pattern   X X X X 

Texture     X  

Gloss     X  

Clearness      X 
 

3  Procedure for Describing Lighting 

To describe lighting – the physical parameters influencing human responses – requires a 
thorough reporting of the space, the viewers, their activities, the lighting equipment and the 
luminous conditions resulting from their interplay. Table 3 shows a summary sheet for 
describing lighting. For a given lighting installation, proposed or existing, a thorough 
description of the lighting requires consideration of each category of information. Clause 4 of 
this report contains the detailed definitions and protocols relating to each category. 

Describing lighting in this sense can include measurements and documentation required as 
part of verification and field measurement systems developed by others, such as the field 
survey system in the Society of Light and Lighting Lighting Handbook (Society of Light and 
Lighting 2009) or the IES Lighting Handbook (DiLaura et al. 2011; Rea 2000). Where precise 
average values (e.g. of illuminance) are needed (e.g. to verify the achievement of statutory 
requirements), the appropriate measurement system is to be used. 

When photometric measurements are to be made of an existing installation, users should 
verify that the (illuminance or luminance) meter has been calibrated according to the 
manufacturer’s specifications and operate it according to instructions, including providing 
adequate time for warm-up. Discharge lamps (e.g. fluorescent, HID) should have been burned 
in for at least 100 h to stabilize their output. Measurements should not commence before 
equipment has warmed up for at least one hour. When data are collected for research 
purposes, investigators should wear standard clothing (e.g. a dark laboratory coat) for all 
measurements to remove unwanted variability from the data. If electric lighting is to be 
measured, daylight must be controlled. When practical considerations preclude the use of 
ideal practices (e.g. re-use of system data from a field setting), note any deviations (e.g. 
sensors not calibrated; light sources not on for the required time prior to measurement, etc.). 

Some field verification procedures also mandate an evaluation component, in which 
occupants’ opinions about the lighting installation are used to compare the resulting visual 
environment against the design intention (e.g. see Annex A). These evaluative judgements 
are responses to the luminous environment and are themselves beyond the scope of this 
report.  
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Table 3 — Summary Sheet for Describing Lighting 
Project Title:   
Reporter/designer/investigator:  
Date:  
Illuminance / luminance meter manufacturer, model, serial number:  
Calibration status: 
1. People: (Subclause 4.1) 
Who are the people who will use this space? 
2. Context: (Subclause  4.2) 
- What are the activities that will take place here?  
- What are the lighting design objectives? 
- What are the characteristics of the space?  
- What features are considered visually important? 
Take photographs from the occupants’ likely viewpoints (fish-eye are preferred), and of the 
space generally from multiple vantage points, or attach drawings showing plan and 
elevation. Specify surface finishes and colours for walls, ceiling, floor, window treatments 
and major furnishings. 
3. Lighting Systems and Components (Subclause  4.3) 
- What provides light to the space? Include windows & daylight, daylighting systems, lamps 
and luminaires, and control systems. For field investigations, specify exterior conditions at 
the time of the report. 
4. Room Surface Light Levels and Distribution (Subclause  4.4) 
Select logical locations for measurement, based on the principal locations of activities. Mark 
the measurement locations on the photos, plans or sections. Tag them with measurements 
of luminance or illuminance at the selected locations. 
5. Task Details (Subclause  4.5) 
Specify the size, contrast and nature of important tasks in the space; include polarity, colour 
and luminance of self-luminous tasks (e.g. display screens).  
6. Task Area Light Distribution (Subclause  4.6) 
Focus on the plane where key tasks will take place (e.g. table top; sewing machine 
platform). Mark an appropriate grid or locations for illuminance or luminance measurements. 
Record the values.  

7. High-Luminance Areas (Subclause  4.7) 
Identify areas for which the luminance is substantially greater than the average or adaptation 
luminance, when viewed from common or logical viewer locations. Mark them on the photos, 
plans or sections. Determine the area occupied and the luminance. Calculate derived glare 
indices if appropriate (e.g. UGR). 

8. Modelling (Subclause  4.8) 
If three-dimensional effects are important in this setting, make appropriate illuminance 
measurements to assess them (e.g. using illuminance measurements on six sides of a cube 
in the location of interest).  
9. Colour Appearance (Subclause  4.9) 
Specify the colour appearance of light sources using at least the correlated colour 
temperature (CCT) and colour rendering index (CRI). Specification of the colour appearance 
of surfaces or objects is optional. 
10. Dynamic Effects (Subclause  4.10) 
Report any temporal variability in the light sources that might be detected by observers. This 
includes flicker that might be characteristic of lamp operation as well as intentional variations 
(e.g. daylight-linked dimming). 
Additional Notes: 
Complete documentation will enable others to replicate research work or to fully comprehend 
the design intention. Justify any non-standard decisions, such as the size of measurement 
grid and locations of measurements. 
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4 Catalogue of Lighting Descriptors and Associated Measurement Protocols 

Each subclause of this clause concerns a set of descriptors and/or measurements required as 
part of a complete record of a lighting design or installation and opens with a definition of that 
subclause’s domain. The descriptors and protocols that follow are divided into two types: 
basic and optional. Basic descriptors are necessary for all projects; they represent the 
minimum information required for a description of a lighting installation. Specialized 
descriptors may be chosen depending on the needs of the project and the available 
resources.  

4.1 Person 
4.1.1 Definition of the Person 
Person: The human being who senses/detects the stimuli in question and in particular whose 
visual system detects the luminous stimuli. This person has characteristics that will influence 
both the operation of the visual system and the interpretation, through perceptual processes, 
of the luminous information. These characteristics include the descriptors listed below. 

4.1.2 Descriptors and Protocols for Persons 
4.1.2.1 Basic Descriptors 
Describe the person or people who will use the lighting installation and any relevant 
characteristics that might influence their responses to lighting. All projects must specify these 
properties of the person or people who view the lighting, insofar as they are known: 

• age 

• sex 

• general ophthalmic health status, including colour vision status; for research purposes, 
specify the wearing (or not) of spectacles or contact lenses 

Examples: 

• Office workers, men and women, ages 30 to 65, having normal or corrected-to-normal 
vision and no colour vision abnormalities. 

• Senior residents, men and women ages 65 to 98, with age-related vision deficiencies; 
some have serious conditions such as macular degeneration and cataract. 

• Children, boys aged 3 years to 10 years, with visual disabilities such as albinism. 

4.1.2.2 Specialized Descriptors 
The importance of these descriptors will vary depending on the design context or research 
problem. In a design context, record the available information related to the mental and 
emotional states of the people who will use the space. In a research context, use validated 
techniques to measure these characteristics: 

• alertness, activation state 

• individual differences (personality, sensitivity) 

• health 

• experience, belief 

• expectation 

• emotional states 

• cultural backgrounds 

• detailed ophthalmic status (e.g. visual acuity, colour vision, contrast sensitivity, spatial 
frequency, gross visual defects, use of specialized visual aids; type and tint of spectacles 
or contact lenses, etc.) 
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Examples of specialized descriptors are: 

• high job demands for accuracy and speed in stock-trading operation, described by client; 

• curiosity and interest among schoolchildren; 

• boredom and lassitude in institutionalized elderly, observed and rated by independent 
observers; 

• complete ophthalmologic testing for visual abnormalities. 

4.1.3 Examples of Person Descriptions 
Lighting design for a patient room in a hospital (Figure 4) must accommodate the patient while 
lying down or sitting up, and must also provide adequate and suitable lighting for medical staff 
to perform necessary procedures and to read and to write records. Lighting for patients should 
also be flexible enough to accommodate different visual needs, whether through age or 
illness.  

 

Figure 4 — Hospital Occupants 
(Photo © Thorn Lighting, used by permission) 

Museum lighting (Figure 5) has both human and inanimate users. The lighting design must 
adequately allow visitors – from children to the elderly – to see the displays and to find their 
way. The lighting design is intended to motivate visitors to stop to see the displays, to create 
excitement about the experience. Some artefacts may have specific requirements for limited 
spectral content and exposure duration.  
 

 

Figure 5 — Museum Users 
(Photo © Thorn Lighting, used by permission) 
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4.2 Context 
4.2.1 Definitions Related to Contexts 
The context consists of the space with the objects surrounding the person (see 4.1), who is 
the centre, and the purposes to which the space will be put. The person detects the objects 
using the physical senses (for lighting purposes, vision is the principal sense), forms 
perceptual impressions of the scene based on integration of sensory information and cognitive 
processes including prior knowledge and experience, and undertakes various activities based 
in part on those perceptual impressions (only those activities and purposes understood to be 
related to lighting are considered in this document). 

Purposes: Lighting installations exist to serve many human activities, often simultaneously. In 
describing the lighting it is necessary to specify fully these purposes in the space. These may 
fall into three broad categories of formal, functional or emotional goals. 

Object (noun): A physical entity having the properties of mass and boundary, finish, texture. 

Space: The space, which may be interior or exterior, may be considered to consist of layers in 
three-dimensional space. These layers are:  

− Field of view: From each user position in the space, the field of view is the virtual cone 
extending from the eyes to surrounding surfaces. One suggested definition for research 
purposes is the solid angle in the direction of view defined by an angle of ±90° in the 
horizontal and ±40° in the vertical (Loe, Mansfield, & Rowlands, 1994). 

− Physical surroundings: Room (e.g. size, shape, furniture, other people), with doors, 
windows and skylights to other rooms and to exterior (sun, weather, nature, city etc.), 
user's task.  

− Transition or connection to other spaces: Building with other rooms, corridors, copy-room, 
WC, canteen, board-room etc. Views to outside or other spaces. Knowledge about exit 
and way to other functions. 

− Local place: The immediate surroundings, such as other buildings, streets, traffic, natural 
elements. This level includes cultural knowledge and expectations, as well as applicable 
building codes, regulations and standards.  

− Larger context: The location in relation to latitude, weather patterns, climate, etc.  

 
The horizon of the senses (limit for seeing and hearing) is partly in the 1st layer and when 
looking out of windows it is in between the 2nd or 3rd layer. The last layer (containing all 
other layers) is the horizon of perception. In general, for most purposes, specification of the 
physical surroundings and transitions are all that will be required, and these are contained 
within the basic descriptors. Information about the local place and larger context will be 
required in daylighting situations and to document any recommended practices or standards 
that might be applicable. 

4.2.2 Descriptors and Protocols for Contexts 
All descriptors of context are Basic Descriptors; there are no Specialized Descriptors for 
contexts.  

Describe the situation or context of the lighting installation. Report the activities that will occur 
there and how long the user is likely to spend in the space and on each activity. 
Specify the characteristics of significant objects in the field of view of the user. The 
specification may include images as well as verbal or quantitative specifications. Photographs 
or sketches can be efficient ways to provide this documentation. 

Describe the room/space in three-dimensional terms, locating objects and users in the 
dimensioned space. Include surface reflectances and finishes and specularity, luminaires and 
their locations, external view information, object and furniture location, etc. Document with a 
series of photographs or fish-eye lens photos. Alternatively, document with high-dynamic-
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range (HDR) photos anchored to reliable high and low luminance areas, confirmed by 
calibration with a luminance meter. Supplement any photographic documentation with plan 
and section drawings. 

On the plan and in the section indicate the location of user(s) in x, y and z coordinates, and 
specify the size, orientation and location of principal tasks in the space. Indicate the user’s 
direction of view (i.e. whether the user is doing a heads-down task, a heads-up task, on his 
back looking upward doing sit-ups, etc.). It is important that the user’s axis of view be defined 
in the three-dimensional room, as other measurements rely on this axis. If the user can have 
several directions of view, document the most likely angles of view and the range of viewing 
angles. 

Document the space by taking photographs or video camera images of the room, including 
photos in all normal viewing directions that can be pieced together to get a three-dimensional 
“picture” of surfaces and objects that the user sees and is experiencing. (This includes 
surfaces above the field of view, up to 85° above the axis of view.) Alternatively, use a fish-
eye lens in the camera so that the same information is captured. 

Purposes: 

− activities undertaken in the space (e.g. reading, conversation, driving, weightlifting) 

− formal or symbolic purposes of the space (e.g. status) 

− emotional or aesthetic goals (e.g. stimulate activity, aid relaxation) 

− duration of activity or exposure 
 

Objects: 

− form and function of the object 

− colour difference with the background (objects and details within them).  

− position 

− dimensions (whole visual field and important objects within it) 

− duration of presentation 

− movement of object (both velocity and direction) 

− movement of viewer (if any) 

− surface characteristics (smooth, glossy, rough, transparent, specularity) 

− surface reflectance 

− surface colour (optional: spectral reflection/transmittance, if appropriate) 
 
Space: 

− viewer location(s) and orientation(s) in the space 

− physical surround, including dimensions (3D) 

− objects in the field of view and their locations (see 4.2.3) 

− surfaces (boundaries) 

− reflectances and finishes of surfaces and objects (see 4.2.3) 

− visible connections and transitions (including windows), their locations and dimensions 
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